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Letter of Transmittal 

To the Congress of the United States: 

In compliance with the provisions of the Act of March 3, 1915, estab- 
lishing the National Advisory Committee for Aeronautics, I transmit 
herewith the Thirty-third Annual Report of the Committee covering 
the fiscal year ended June 30, 1947. 

Harry S. Truaian. 

The White House, 

February 25, 1948. 
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Letter of Submittal 


National Advisory Committee for Aeronautics, 

Washington. I). C .. February 20, 19^8. 

Dear Mr. President : In compliance with the provisions of the act of 
Congress approved March 3, 1915 (U. S. C. Title 49, Sec. 243) , I have 
the honor to submit herewith the Thirty-third Annual Report of the 
National Advisory Committee for Aeronautics covering the fiscal year 
1947. 

The Committee’s activities reflect the fact that aeronautical science 
is still undergoing a technical revolution which started during World 
War II with the advent of new means of aircraft propulsion. The 
new developments assure sufficient power to achieve flight of piloted 
aircraft at supersonic speeds. Extensive scientific research is neces- 
sary to develop fully the possibilities of such new engines as the turbo 
propeller, the turbojet, the ram jet, and the rocket. Concurrent with 
their development, it appears that basically new shapes of airplanes 
may be required for safe and efficient flight at supersonic speeds. 
Wings must be thinner, stronger, and lighter, and probably must be 
swept back sharply so that in plan form they may resemble arrows. 
The stability and control of such aircraft at supersonic speeds and at 
low speeds necessary for take-off and landing present whole new fields 
for scientific research. 

The recent trend of world events makes it increasingly evident that 
the efforts of the United States to promote peace will be strengthened 
by leadership in air power. Air power requires an air force in being, 
supported by an adequate aircraft industry, with constant progress 
built upon the foundation of advanced scientific research. 

Leadership in research, essential to supremacy in the air, can be 
attained by any nation willing to make the effort. We must make 
whatever effort is necessary to assure that leadership for the United 
States. 

Respectfully submitted. 

Jerque C. Hpxsaker, 

Chairman. 

The President, 

The White House, Washington, D. C. 
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GEORGE W. LEWIS 

RESEARCH CONSULTANT TO THE COMMITTEE AND PAST DIRECTOR OF 
AERONAUTICAL RESEARCH 



Dr. George W. Lewis 

Past Director of Aeronautical Research 


Effective September 1, 1947, Dr. George TV. Lewis 
resigned as Director of Aeronautical Research and was 
appointed Research Consultant to the Com m ittee. He 
was succeeded as Director of Aeronautical Research by 
Dr. Hugh L. Dryden, formerly Associate Director of the 
National Bureau of Standards. 

Dr. Lewis assumed the direction of the Committee's 
research activities in 1919 with the title Executive Of- 
ficer, and in 1924 he was appointed Director of Aero- 
nautical Research. He was awarded the Daniel Gug- 
genheim Medal in 1936 for “outstanding success in the 
direction of aeronautical research and for the develop- 
ment of original equipment and methods.’’ In 1937 
he was appointed by President Roosevelt as plenipoten- 
tiary delegate of the United States to the Inter- Ameri- 
can Technical Aviation Conference in Lima. Peru. He 
delivered the Wilbur Wright Memorial Lecture before 
the Royal Aeronautical Society in London in 1939 on 
the subject, “Some Modern Methods of Research in the 
Problems of Flight.” He was awarded the Spirit of 
St. Louis Sledal of the American Society of Mechanical 
Engineers in 1945. He has been active in scientific and 
engineering societies, and has served on a number of 
boards of award for aeronautical medals, contests, and 
trophies. He has been honored by election to the 
National Academy of Sciences, by the award of two 
degrees of Doctor of Engineering, and by a Life Mem- 
bership in the National Aeronautic Association. He 
served as an official emissary of the United States Gov- 
ernment in inspecting aeronautical research activities in 
various European countries, notably Germany and 
Russia, before the war. 

At a meeting of the NACA Executive Committee held 
on August 11, 1947, at which the resignation of Dr. 
Lewis as Director of Aeronautical Research was an- 
nounced, the members unanimously adopted the follow- 
ing testimonial : 

DOCTOR GEORGE WILLIAM LEWIS 
DIRECTOR OF AERONAUTICAL F.ESEARCH 

Resolved^ That the members of the National Ad- 
visory Committee for Aeronautics do adopt and 
approve the following tribute to Doctor Lewis. 

Since November 19 19, Doctor Lewis has directed 
the activities of the Committee in the exercise of 
its prescribed function to “supervise and direct 
the scientific study of the problems of flight with 
a view to their practical solution.” He entered 


the service of the Committee a year after the Ar- 
mistice of World War I, at a time when the organi- 
zation had only one small wind tunnel and a staff 
of 43 employees, and at a time when the people 
generally felt that “the war to end wars” had been 
won, and disarmament was the national policy. At 
that time the major European nations had sur- 
passed the United States in contributions to aero- 
nautical science, civil and commercial aviation 
were virtually non-existent, and the potential mili- 
tary significance of aircraft had been barely 
demonstrated. 

With great executive and professional ability, 
with patience and understanding, Dr. Lewis has 
inspired young physicists, engineers, and mathe- 
maticians entering the Committee’s service, and has 
developed a research staff of outstanding technical 
competence numbering to date about 6,000 em- 
ployees, including many recognized leaders in 
specialized branches of aeronautical science. He 
developed the Committee’s three major research 
stations with a plant value of about 90 million dol- 
lars. With broad vision of the growing research 
needs of aviation and with high professional 
courage, he pioneered in the design and construc- 
tion of novel research equipment and is responsible 
for the introduction of new methods of flight re- 
search and for the original use of variable density 
wind tunnels, full-scale wind tunnels, refrigerated 
wind tunnels, free-flight wind tunnels, gust tunnels, 
and high-speed wind tunnels. He also pioneered 
in the design and construction of new facilities for 
propeller research, seaplane research, structural 
research, and power plant research. 

Under Ms inspiring leadership, the Committee’s 
research organization has won the confidence and 
respect of the military services, of the aircraft in- 
dustry, and of the aeronautical world, and made 
scientific and technical contributions of inestim- 
able value to the national security. 

We are particularly happy that Dr. Lewis will be 
able to continue his invaluable advice and assistance 
as Research Consultant. 

Resolved further , That the Chairman be au- 
thorized to present this Testimonial to Dr. Lewis 
with our heart-felt thanks for all he has done for 
the Committee and our congratulations for 28 years 
of exceptionally meritorious service to Ms country. 
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THIRTY-THIRD ANNUAL REPORT 

OF THE 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


Washington. D. C., November £4, 1947. 
To the Congress of the United States: 

In accordance with the act of Congress, March 3, 
1915 (U. S. C. title 49, sec. 241), which established the 
National Advisory Committee for Aeronautics, the 
Committee submits herewith its thirty-third annual re- 
port for the fiscal year 1947. 

The urgency of the aeronautical research program 
stems from its relation to the national defense. The 
most powerful military weapon of today, the atomic 
bomb, is largely dependent for its effectiveness upon 
aircraft capable of delivering the bomb to its target in 
the face of intelligent opposition. 

An adequate national program of aeronautical re- 
search and development is essential to national security. 
Aeronautical development is still in the technical revolu- 
tion inaugurated during the war through the application 
of new forms of propulsion systems — the turbo-propel- 
ler, the turbo-jet, the ram-jet and the rocket engine — 
and through their application to aircraft in an effort to 
achieve flight at supersonic speeds. 

The turbo-prop provides means for attaining rela- 
tively good fuel economies and high power outputs 
without the complication inherent in the high-powered 
reciprocating engine. The turbo-jet provides means 
for attaining high power outputs in small packages at 
speeds above which the propeller becomes inefficient. 
The ram-jet provides means for attaining relatively 
good fuel economies at speeds one and a half times that 
of sound or higher. The rocket provides means for 
realizing tremendously high powers in a small engine 
and for realizing powers independent of altitude. 

Of these four basic engine types only the turbo-jet 
and the rocket are at present used for service airplanes 
and the rocket only for assisted take-off. Much re- 
search and development is required to bring all these 
engines to the state of usefulness of which they are in- 
herently capable. Our military aviation program 
either for man-carrying aircraft or for guided missiles 
is predicated on the use of these engines. Their devel- 
opment through adequate research must be carried 
forward. 


Flight at supersonic speeds by practical, manned air- 
planes is the goal of research and development in this 
country and elsewhere. There is no scientific reason 
why such a goal cannot be attained. It will be attained 
by the nation or nations that make the required effort. 
Speed is the most valuable single characteristic of mili- 
tary aircraft. Superior speed is virtually essential to 
supremacy in the air and to our national security. 
During the war the top speed of our fighters was 400 
to 450 miles per hour, of our bombers 250 to 325 miles 
per hour. Now both fighters and bombers which will fly 
faster are in service. The present world speed record 
of 650 miles per hour is 83 percent of the speed of 
soimcl. These speeds are not enough if we are to main- 
tain air supremacy. We must assure that this nation 
acquires the basic research knowledge which will make 
possible the higher speeds. 

In time of peace scientific research is the first line of 
defense. The country that leads in aeronautical re- 
search will be able to construct the best aircraft. An 
adequate research and development program necessi- 
tates fundamental scientific research, applied research, 
and engineering development. The United States has 
been outstanding and has rapidly taken the leadership 
in applied research and in development, but it has con- 
tributed less than its due proportion to pure science. 
On the applied research and development of the im- 
mediately preceding years rests the success of our air- 
craft. and this applied research and development in 
turn rests on the preceding basic research. 

Fundamental research requires time. Wars are 
fought with weapons based on fundamental principles 
discovered during the years of peace. Money invested 
in research buys that irreplaceable commodity — time. 

Research conducted with the objective of improving 
military aircraft is applicable to civil aviation. In 
general the research results are first applied to mili- 
tary aircraft and after further practical experience and 
development to civil aircraft. Such a procedure is 
sound both from the standpoint of passenger safety and 
of economical operation. The basic objectives of both 
military and civil aviation are the same — to carry 
greater loads faster and farther. Consequently the 
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basic research is the same for both. There are differ- 
ences in certain fields — passenger comfort, combat 
speeds, maneuverability and so forth. Research in 
these special fields must be directed toward the particu- 
lar use of the airplane. 

Because of the great costs and manpower require- 
ments of modern aeronautical research and development 
there is greater need than ever before for nation-wide 
teamwork in planning the country’s aeronautical future. 
This need for teamwork led to the statement of the Na- 
tional Aeronautical Research Policy, dated March 21, 
1946, which defines the relationship between various 
governmental agencies and the aircraft industry with 
regard to aeronautical research ancl development. 
This policy was approved by the Army A.ir Forces, Navy 
Bureau of Aeronautics, Civil Aeronautics Administra- 
tion, NACA Industry Consulting Committee, and the 
NACA. The Committee’s field of activity is funda- 
mental research in the aeronautical sciences directed 
toward solution of the problems of flight. Research of 
the NACA is not considered complete until results are 
tested by sufficient practical application. NACA re- 
search does not include the development of specific air- 
craft or equipment. 

To assist in the discharge of its duties and in the 
determination of present and future research needs, the 
Committee has established an Industry Consulting 
Committee and standing technical committees on aero- 
dynamics, power plants, operating problems and con- 
struction. The members of these committees serve as 
such without compensation and are specially qualified 
representatives of the government agencies concerned, 
and experts from private life. 

The committees recommend, prepare, and review the 
research programs. Although most of the problems so 
recommended for investigation are assigned to the 
Committee’s laboratories, certain problems are assigned 
to other governmental agencies when it is to the ad- 
vantage of the Government to do so, and other problems 
are assigned by research contracts to scientific and 
educational institutions in order to utilize the special 
skills and facilities available at such institutions. 

Large gains in quality of aircraft performance are 
possible of aeomplishment through intensive efforts; 
these gains are beyond and above the normal rate of 
progress in other fields in which the technology is rela- 
tively stable and advances are made more slowly. 


National security requires that expenditures for aero- 
nautical research and development be expanded. 

The Committee submits the following recommenda- 
tions for action by the Congress : 

1. That the membership of the National Advisory 
Committee for Aeronautics be increased from fifteen to 
seventeenTo permit the appointment by the President of 
two additional members from the ranks of science. 
These additional members are needed in order to 
strengthen the voice of science in the deliberations of 
the Committee and to provide members who will be 
available to assume responsibilities of scientific leader- 
ship and, particularly to serve as chairmen of major 
technical committees. 

2. That, paralleling the action of the Congress at its 
last session with respect to the Army, the Navy, and 
the Air Force, the National Advisory Committee for 
Aeronautics be authorized to pay not exceeding $15,000 
a year for 15 positions on its staff. This increase in pay 
above the present ceiling of $10,000 a year for a limited 
number of positions is required in order to secure or 
retain the services of outstanding scientists and to im- 
prove the service at all levels by inducing outstanding 
personneljn the lower grades to make a career of Gov- 
ernment service. 

3. That the Congress make available special funds for 
the construction or modernization of research facilities 
the need for which in the rapidly-advancing science of 
aeronautics could not be foreseen at the time of the 
preparation of the regular annual estimates. It is pro- 
posed that such funds be available for starting without 
delay any urgent project which has the approval of the 
NACA aijd the Director of the Bureau of the Budget, 
within the limits of the authority the Congress may 
see fit to grant, and subject to the requirement that the 
NACA report fully to the Congress on the expenditure 
of such funds. 

It is estimated that this authority will save some 8 
to 18 months’ time in the development and application 
by the military services and the aircraft industry of new 
design factors that will improve the performance and 
military effectiveness of America’s aircraft; and that 
it will not cost any additional money but, on the con- 
trary, will actually effect minor savings. 

Respectfully submitted. 

National Advisory Committee 
for Aeronautics 
J. C. Hunsaker, Chairman. 



Part I 

TECHNICAL ACTIVITIES 


Research of the National Advisory Committee for 
Aeronautics is conducted for the most part at its three 
laboratories — Langley Memorial Aeronautical Labora- 
tory, Langley Field, Ya.: Ames Aeronautical Labora- 
tory, Moffett Field, Calif. ; and Flight Propulsion Re- 
search Laboratory, Cleveland, Ohio. A station has 
been established at Wallops Island, Ya.. as a branch 
of the Langley laboratory for conducting research on 
models in flight in the transonic and supersonic range. 
A second station has been established at Muroe Lake, 
Calif., for research on transonic and supersonic air- 
planes in flight. 

In addition to the research conducted at these five es- 
tablishments, research is also contracted for by the 
Committee at the National Bureau of Standards, at 
various universities and at various nonprofit but 
privately operated research organizations. 

In order to carry out effectively its functions of con- 
ducting the supervising, the National Advisory Com- 
mittee for Aeronautics has established a group of 
technical committees and subcommittees. The or- 
ganization of these committees includes representa- 
tion from the- Department of National Defense, from 
various other governmental agencies concerned with 
aeronautics, and representatives from civil life. All 
members are chosen because of their particular knowl- 
edge in a specific field of the aeronautical sciences. 
These technical committees act- as coordinating agencies, 
providing effectively for the interchange of ideas and 
for the prevention of duplication in the field of aero- 
nautical research. There are sis main committees un- 
der the National Advisory Co mm ittee for Aeronautics: 

1. Committee on Aerodynamics. 

2. Committee on Power Plants for Aircraft-. 

3. Committee on Aircraft Construction. 

4. Committee on Aircraft Operating Problems. 

5. Special Committee on Self-Propelled Guided 

Missiles. 

6. Industry Consulting Committee. 

The original purpose of the Special Committee on 
Self-Propelled Guided Missiles was to coordinate and 
recommend NACA research related to self-propelled 
guided missiles. A review was made of NACA work 


in progress and a research program was recommended. 
The original program has been completed, and NACA 
research in this field has evolved primarily into the 
study of high-speed aerodynamics, stability and control, 
and propulsion. The original purpose of the special 
committee was considered fulfilled, and the special com- 
mittee has recommended that- it be dissolved. 

The Industry Consulting Committee consists of rep- 
resentatives from industry. The purpose of this com- 
mittee is to advise the NACA on the problems in aero- 
nautical research in which the aviation industry is most 
interested. 

The research conducted by the Committee results 
either from recommendations of its main committees 
and subcommittees or from the requests originating 
from the Department of National Defense, and other 
branches of the Government. 

The research conducted by the Committee can be de- 
scribed most easily by referring to the various phases 
of the work that come under the cognizance of the 
different, committees and subcommittees. 

Most of the work done in the Committee's laboratories 
is of a classified nature and consequently can be referred 
to only briefly in this unclassified annual report, 

AERODYNAMIC RESEARCH 

Because of the many related but specialized phases of 
aerodynamic research, the Committee on Aerodynamics 
is assisted by Subcommittees on High-Speed Aero- 
dynamics, Stability and Control, Internal Flow, Vi- 
bration and Flutter, Propellers for Aircraft, Helicop- 
ters, Seaplanes, and the Special Subcommittee on the 
Upper Atmosphere. The main function of the commit- 
tee during the past year has been to review the proceed- 
ings and recommendations of these subcommittees with 
a view to their proper coordination in an overall 
program for aerodynamic research. 

The programs directly under the cognizance of the 
various subcommittees are discussed in other parts of 
this report. There are, however, a number of investi- 
gations with which the Aerodynamics Committee has 
been directly concerned. These investigations are re- 
viewed in the sections immediately following. 
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COMMITTEE ON AERODYNAMICS 

Airfoils 

As an aid to design, recent data for the NACA 

6- , T-, 00-, 14-, 24-, 44-, and 230-series airfoils, obtained 
both in wind-tunnels tests and in flight, have been col- 
lected and insofar as possible correlated in a Wartime 
Report, NACA ACR L5C05. The general method used 
to derive the basic thickness forms for NACA 6- and 

7- series airfoils and their corresponding pressure dis- 
tributions are presented together with data and methods 
for rapidly obtaining the approximate pressure dis- 
tributions for NACA airfoils. The report also includes 
an analysis of the aerodynamic characteristics of the 
airfoils, data on high-lift devices, and discussions of 
problems associated with lateral-control devices, lead- 
ing edge air intakes, interference, and surface condition. 
The data indicate that the effects of surface condition on 
the lift and drag characteristics are at least as large as 
the effects of airfoil shape. As a consequence, airfoils 
permitting extensive laminar flow, such as the NACA 
6-series airfoils, have much lower minimum drag co- 
efficients than earlier types of airfoils only if the wing 
surfaces are sufficiently smooth and fair. It is shown 
that the NACA 6-series airfoils have favorable critical- 
speed characteristics and present no unusual problems 
associated with the application of high-lift and lateral- 
control devices. 

Because of the important influences of surface rough- 
ness and surface irregularities on wing drag, available 
data, principally obtained from tests in the Langley 
two-dimensional low-turbulence tunnels, on the drag 
characteristics of practical-construction wings have 
been summarized in Technical Note 1151. The data 
presented show that the construction irregularities 
usually existing with production wings are such that the 
differences in drag usually associated with airfoils of 
different series are not obtained. In fact, it appears 
that where spar joints, de-icer hoots, or surface unfair- 
nesses occur in regions of normally laminar flow, the sec- 
tion drag coefficients may in some cases be twice as great 
as those for the smooth and fair basic airfoils. It was 
found that combinations of glazing, painting, and minor 
repairing of the surfaces of production wings were 
usually sufficient to produce section drag characteristics 
approaching those for the fair and smooth basic airfoils. 
Distortion due to aerodynamic loading was found to 
cause important increases in section drag for one case 
investigated. 

The trailing-edge cusps which are characteristic of 
the NACA 6-series sections present a difficult structural 
problem for airfoil sections less than about 12 percent 
thick, particularly if the point of minimum pressure is 
far forward. In order to facilitate wing construction, 


a new series of sections, designated the NACA 6A-series, 
was designed without these cusps. Basic thickness 
forms of NACA 6-series sections were derived with the 
position of minimum pressure at 30-, 40-, and 50- 
percent chord and with thickness ratios varying from 
6 to 15 percent and are presented in Technical Note 
1368. The results of an investigation in the Langley 
two-dimensional low-turbulence pressure tunnel of a 
number of these airfoils indicate little difference in the 
aerodynamic characteristics of NACA 6- and 6A-series 
airfoils. 

Higli-Lift Devices 

A considerable amount of research has been done in 
the past to provide efficient high-lift flaps. The recent 
trend toward the use of thin sections for high-speed 
airplanes has necessitated the continuance and intensi- 
fication_of this research. As a part of this program, 
an investigation was conducted in the Langley low- 
turbulence tunnel to determine the optimum maximum 
lift positions of double slotted flaps for the NACA 
63-210, 64r-208, 64-210, 641-212, 65-210, 66-210, and 1410 
airfoils at a Reynolds number of 2,400,000. Maximum 
lift coefficients as high as 3.0 were measured on con- 
figurations incorporating the NACA 641-212 and 1410 
airfoils. The maximum lift coefficient decreased as the 
position of minimum pressure was moved to the rear 
or as the airfoil-thickness ratio was decreased. In- 
creasing the Reynolds number from 2,400,000 to 
6,000,000 increased the maximum lift coefficient in all 
cases, but above 6,000,000, generally, the increase had 
little effect or decreased the maximum lift coefficient. 

In order to extend the range of information about 
flaps suitable for use with thin wing sections, an NACA 
65 ( 112)— 111 airfoil section equipped with a 35-percent- 
chord slotted flap was tested in the Langley two-dimen- 
sional low-turbulence tunnels. A correlation of the 
Reynolds number results so obtained indicated that the 
maximum section lift coefficient increased with increase 
in Reynolds number up to about 13,000,000 and gen- 
erally decreased with increase in Reynolds numbers be- 
tween 13,000,000 and 25,000,000. Leading-edge rough- 
ness was found to cause approximately the same decre- 
ment in maximum section lift coefficient regardless of 
whether the flap was extended or retracted. 

Wing Characteristics 

A study of available foreign and American data re- 
lating to Reynolds number effects on the maximum lift 
coefficient of swept-back wings has been made by the 
Langley full-scale tunnel staff. The data show that at 
low Reynolds numbers higher maximum lift coefficients 
were obtained for moderately swept-back wings than for 
unswept wings of similar plan form. At high Reynolds 
numbers, however, increasing the sweepback decreased 
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the maximum lift coefficients. A smaller rate of in- 
crease of the maximum lift coefficient with Reynolds 
number was measured for the swept-baek wings than 
that for similar unswept wings in the critical range of 
Reynolds number. Increasing the Reynolds number 
resulted in decreasing the maximum lift coefficient for 
the two wings of approximately triangular plan form 
that were investigated. 

A method for calculating wing characteristics at sub- 
sonic speeds by lifting-line theory, using nonlinear sec- 
tion-lift data, is described in Technical Note 1269. In 
order to minimize the time involved in calculation and 
to enable a relatively inexperienced person to follow 
the procedure, simplified computing forms are given 
and their use is illustrated by a detailed example. The 
method is also applicable to the use of linear section-lift 
data, with a subsequent reduction in computing time 
as compared with most existing methods. 

The characteristics of three wings of aspect ratio 9 
and of NACA 04—210 and 65-210 airfoil sections, with 
and without washout, were calculated from two-dimen- 
sional airfoil data. These calculated characteristics 
are in excellent agreement with experimental charac- 
teristics determined in the Langley 19-foot pressure 
tunnel. 

An investigation has been conducted in the Langley 
19-foot pressure tunnel to determine the maximum lift 
and stalling characteristics of two thin wings equipped 
with several types of flaps. Split, slotted, and double- 
slotted flaps were tested on one wing which has NACA 
65-210 airfoil sections and split and double-slotted flaps 
were tested on the other, which had NACA 64—210 air- 
foil sections. Both wings had zero sweep, an aspect 
ratio of 9, and a ratio of root to tip chord of 2.5. At 
a Reynolds number of 4,400,000 each type of flap in- 
creased the maximum lift coefficients of the two wings 
by increments which were approximately proportional 
to the flap-neutral value of 1.21 and 1.35 for the NACA 
65-210 wing and the NACA 6nL210 wing, respectively. 
The values of maximum lift coefficient for the wings 
with full-span double slotted flaps were 2.48 and 2.76, 
which values represent increments of 105 percent of the 
flap-neutral values. The addition of a representative 
fuselage or leading-edge roughness was more detri- 
mental to the NACA 64-210 wing, but its values of 
maximum lift coefficient were still consistently higher 
than those of the NACA 65-210 wing. 

Boundary-Layer Investigations 

In Technical Note 1384, a concise nonmathematical 
review of boundary-layer literature is presented. The 
contents of the paper, although insufficient for the solu- 
tion of specific problems, are sufficient for an introduc- 
tion to the subject of boundary layers. A list of refer- 
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ence papers is given from which the detailed knowledge 
necessary for the solution of specific problems can be 
obtained. 

Sinusoidal waves, commonly called laminar bound- 
ary-layer oscillations, have been observed in the laminar 
boundary layer of a rotating disk. These oscillations 
appeared in a narrow range of Reynolds number below 
the Reynolds number of transition. Their frequency 
was approximately a constant times the angular velocity 
of the disk. This work is reported in Technical Note 
1227. 

Suction-slot design for the control of turbulent 
boundary layers has been investigated (Technical Note 
1292) with regard to effectiveness both in improving 
external flow and in minimizing the suction power re- 
quired. It was found that the boundary layer behind 
the slot was determined only by the quantity of air 
removed, provided the slot inlet had rounded edges. 
The total-pressure losses through the slot were found 
to be minimized by rounding the inlet edges, inclining 
the slot, slightly diverging the walls, and providing 
sufficient slot width for an inlet -velocity ratio of 0.6. 
The losses remained, however, unaccountably high. 

An exploratory investigation of the NACA 6L.-A212 
airfoil section equipped with a leading-edge slat, a 
double slotted flap, and a boundary-layer-control suction 
slot at 0.40 chord was conducted in the Langley two- 
dimensional low-turbulence tunnels to study the appli- 
cation of boundary-layer control to wing sections in 
combination with other high-lift devices. The results 
of this investigation, which covered a range of Reynolds 
numbers from 1,000,000 to 6,000,000 over a flow co- 
efficient range from 0 to 0.03, are reported in Technical 
Note 1293. In general, the maximum section lift co- 
efficient increased and the minimum section drag co- 
efficient decreased with increasing flow coefficients. At 
a Reynolds number of 3,000,000, and a flow coefficient 
of 0.03, deflection of the leading-edge slat alone to the 
optimum position increased the maximum lift coefficient 
from 1.77 to 2.46; deflection of the double slotted flap 
alone increased the maximum lift coefficient to 3.12, and 
deflection of both the leading-edge slat and the double 
slotted flap increased the maximum lift coefficient to 
3.86. For all combinations of high-lift devices tested, 
the decrease in maximum lift coefficient caused by lead- 
ing-edge rouglmess at a Reynolds number of 6,000,000 
and a flow coefficient of 0.025 was less than that caused 
by roughness on the corresponding configuration with- 
out boundary-layer control. 

The preceding investigation was extended to find the 
effects of boundary-layer control on the aerodynamic 
characteristics of the thick NACA 654-421 airfoil sec- 
tion with a boundary-layer control suction slot at 0.45 
airfoil chord and a 0.32-airfoil-chord double slotted flap. 
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Tests were made over a range of flow coefficient from 0 to 
0.03 at Reynolds numbers of 1,000,000 and 2,200,000. 
In the smooth condition at a. Reynolds number of 
2,200,000, increasing the flow coefficient from 0 to 0.015 
increased the maximum lift coefficient from 1.22 to 2.43 
with the flap retracted and from 3.07 to 3.81 with the flap 
deflected. Further increase in flow coefficient resulted 
in little increase in lift coefficient. In general, between 
Reynolds numbers of 1,000,000 and 2,200,000, for the 
range of flow coefficient investigated, increasing the 
Reynolds number tended to increase the maximum lift 
coefficient below a flow coefficient of 0.015 and to de- 
crease the maximum lift coefficient between flow co- 
efficients of 0.015 and 0.030. With the flap retracted, 
increasing the flow coefficient decreased the minimum 
section drag coefficient and maintained low drag co- 
efficients to high lift coefficients. The drag coefficients 
equivalent to boundary-layer-control power were 
greater, however, than the reduction obtained within 
the range investigated. These results are reported in 
Technical Note 1395. 

The experimental investigation of the stalling and 
boundary layer-flow characteristics of two NAOA 63- 
series low-drag airfoils, one 18-precent thick and the 
other 12-percent thick, has been completed at the Ames 
Laboratory. The results indicated that for the 18-per- 
cent-thick wing it should be possible to obtain an appre- 
ciable increase in maximum lift through the use of 
boundary-layer control applied to the rear of the airfoil. 
This thick airfoil shows a progressive stalling of the 
flow from the trailing edge forward as the angle of 
attack for maximum lift is approached. Calculations 
of the shape parameter of the boundary layer as it 
varies along the chord for various angles of attack 
show very good agreement with previous work. Plots 
of shape parameter along the chord at various angles 
of attack indicate that the most effective position for 
the location of the boundary-layer suction slot is near 
50-percent wing chord. 

In contrast to the 18-percent-thick wing, the bound- 
ary-layer surveys on the 12-percent wing show that the 
shape parameter of the boundary layer never reaches a 
separation value as the stall is approached. The stall- 
ing of the flow over this wing originates at the nose of 
the airfoil. Analysis of these data indicates that 
boundary-layer control cannot be used effectively in in- 
creasing the maximum lift of the thin wing if the slot 
is located on the aft portion of the airfoil. In order 
to improve the maximum-lift, coefficient of thin wings 
through boundary-layer control, it is necessary to pro- 
vide some means of eliminating the laminar separation 
which occurs near the leading edge and which results in 
the complete stalling of the flow over the airfoil. 


A new model of the 12-percent-thick airfoil section 
has been designed and constructed that can incorporate 
suction slots located near the wing leading edge and 
on the after portion of the airfoil. Suction slots near 
the wing leading edge are at present installed on the 
model and tests are proceeding. Preliminary results 
indicate that laminar separation has been eliminated or 
delayed to a higher angle of attack ; but the optimum 
slot location for elimination of the laminar separation 
has not as yet been determined. 

The evolution of the new NACA airfoil sections, such 
as the NACA 6-series airfoils described in the report 
summarizing airfoil characteristics depended to a great 
extent upon the use of testing equipment which pro- 
vided flow conditions similar to those- in flight. Two 
of the prime requisites for this testing equipment were 
high Reynolds number's and low airstream turbulence. 
Because of the effectiveness of the Langley two-dimen- 
sional low-turbulence pressure tunnel in accomplishing 
these objectives, Technical Note 1283 has been pub- 
lished to give a description of this wind tunnel and a 
history of the work clone at the Langley Memorial Aero- 
nautical Laboratory leading to the achievement of a 
remarkably low level of airstream turbulence. Em- 
phasis is. given to the factors considered and to the 
physical reasoning which led to the design of the tur- 
bulence reducing screens located in the entrance cone 
of the tunnel. The types of investigations to which the 
tunnel is suited and the methods of obtaining and cor- 
recting data are also discussed. 

A similar development, the Ames 12-foot- low-turbu- 
lence pressure wind tunnel, is discussed in another sec- 
tion of this report-. 

Extensive tables and charts giving the boundary- 
induced upwash for yawed lifting lines in closed circu- 
lar wind tunnels are presented in Technical Note 1265. 
By suitable combinations of the data, this information 
can be applied to straight or swept wings, either yawed 
or unyawed. The data cover a. range of both positive 
and negative sweep angles and also a range of span- 
diameter ratios. 

An investigation, reported in Technical Note 1244, 
was made to determine the effects of tunnel-wall bound- 
ary layer on the load distribution of a wing protruding 
from the tunnel' wall. The results indicated that the 
boundary layer had a very small effect on total wing lift 
but that some error in pitching moment particularly for 
swept wings at high angles of attack, may result from 
alteration of the load distribution in the vicinity of 
the tunnel wall. 

Recognizing the need for an accurate and simple 
method for calculating the growth of boundary layers at 
high speeds, a summary report- has been prepared at 
the Ames laboratory on the results of a theoretical in- 
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restigation. The procedures in this report are limited, 
to supercritical Mach numbers. 

Aerodynamic Loads on Airplanes 

The NACA, in cooperation with the Air Force and 
the Navy, has begun a long-range investigation of the 
problems of high-speed flight for conventional and 
swept-wing airplanes. The United States Air Force 
and the Navy assumed responsibility for procuring the 
research airplanes. A number of aircraft are involved 
in this program, each design varying in certain funda- 
mental parameters including sweep, wing planform, 
aspect ratio, and power plant. The initial airplanes of 
this series, the XS-1 and D-558-1, have completed their 
acceptance tests and are already carrying out research 
flights at Muroc Air Base. 

The XS-1 research airplane was built by the Bell 
Aircraft Co. under contract to the United States Air 
Force. It is a single-place airplane of conventional 
arrangement, having an aspect- ratio of 6, and is powered 
by a liquid oxygen and alcohol rocket engine. 

The D-558-1 research airplane was constructed by 
the Douglas Aircraft Co. under contract to the Bureau 
of Aeronautics, Navy Department. This airplane is 
also a singleplace aircraft of conventional arrangement, 
having an aspect ratio of 4, and is powered by a turbojet 
engine. 

Provisions have been made in each airplane in the 
course of its construction for NACA research instru- 
mentation. 

A major function of the research airplanes is to pro- 
vide information on aerodynamic loads. 

Some basic load information has been obtained up to a 
Mach number of 0.8 on the XS-1 airplane. Horizontal- 
tail-load data indicate good agreement with values pre- 
dicted by wind-tunnel tests. The wing-span loading 
shows no appreciable movement of the center-of-pres- 
sure up to a Mach number of 0.8 and the maximum- 
lift-buffet boundary has the same general shape as that- 
determined on airplanes such as the P-51D. Calibrated 
electrical strain-gage systems installed on the spars and 
skin at the roots of the wing and horizontal tail are 
being used to measure aerodynamic shear forces and 
bending moments. Later pressure recording instru- 
mentation will be installed for determining wing and 
tail chordwise loadings. 

Preparations have also been made for instrumenta- 
tion of the D-558-Phase I research airplane for loads 
measurements. Strain-gage systems and pressure dis- 
tribution methods are being used for measurement of 
wing and tail loads. The data obtained complement 
those being obtained with the XS-1 and together these 
two research airplanes will provide a complete picture 
of the aerodynamic loading problem encountered by 
conventional airplanes operated at transonic speeds. 


Aerodynamic Loads on Wings 

Considerable theoretical work has been carried out 
in the past year directed toward making it possible to 
predict accurately the loads which will occur on wings 
and other lifting surfaces. A detailed investigation 
was carried out at the Amies laboratory which dealt with 
three-dimensional lifting surfaces of various planforms 
at subsonic and supersonic speeds. The subsonic re- 
search was preceded by a theoretical approach to the 
solution of the differential equations involved. Under 
the basic assumptions of linearized supersonic theory 
it was discovered that methods which had previously 
been applied by mathematical physicists to the wave 
equation in two space dimensions could be carried over 
after some modification to the solution of aerodynamic 
problems. Technical Note 1412, dealing with these 
methods, discusses the loadings over triangular, trape- 
zoidal, and rectangular planforms, with specified loads 
and prescribed camber lines. The loading over a yawed 
triangular wing is also treated. 

A method for calculating wing characteristics at sub- 
sonic speeds by lifting line theory using non-linear 
section lift data is described in Technical Note 1269. 
Distribution of the wing lifting load may be calculated 
by this method except for wings of low aspect ratio or 
for wings having large amounts of sweep. 

The loading of swept wings has received considerable 
attention during the past year. The effects of sweep- 
back on loading have been investigated on a compre- 
hensive group of wing planforms, including wings of 
various sections, aspect ratios, taper ratios, and wings 
swept forward as well as backward. Experimental span 
load measurements were compared with those deter- 
mined by Falkner’s method, and it- was foimd that the 
theory gives a fairly accurate estimate of the span load 
distribution on a swept wing, except that the load is 
somewhat underestimated at the tip and somewhat 
overestimated at the root. This results in a theoreti- 
cally determined wing bending moment which is some- 
what- smaller than would actually be experienced. A 
study was also made- of the accuracy and speed with 
which three different methods could be used to compute 
the distortion of the span loading of a wing as a result 
of the angle of sweep. Experimental loads determined 
for five wings were compared with the span loading 
predicted by the methods developed by Falkner, Mutter- 
perl, and Weissinger. 

Further investigation, reported in Technical Note 
1S51, covering the span loading on wings having mod- 
erate amounts of sweepbaek and sweepforward, showed 
that available methods for predicting the span load dis- 
tributions gave results which were in good agreement 
with experiment at low and moderate angles of attack. 
The results also indicated the possibility of large shifts 
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in the aerodynamic centers of swept wings at high lift 
coefficients. By means of the Weissinger method for 
computing span loading of wings, a study has been com- 
pleted by the Ames Laboratory of the effect of wing 
sweepback. Some 175 wings were investigated in this 
study. ' The results, presented in Technical Note 1491, 
are in the form of curves which permit the designer 
knowing only the geometry of a wing, to determine its 
loading characteristics. 

In extending span load investigations to swept wings 
having high aspect ratios, tests have been made in the 
Langley 8-foot high-speed tunnel of a high aspect ratio 
wing, first unswept, then with varying amounts of 
sweepback and sweepforward. 

Pressure distribution measurements are also being 
made on model wings and bodies by the NACA wing- 
flow method in order to gain a more detailed insight into 
the nature of aerodynamic loads at transonic speeds. 

Straight wings have not been neglected in the deter- 
mination of air loadings. The effects of compressibility 
on many wing sections have been studied, and several 
reports issued, among them Technical Note 1211, treat- 
ing five supersonic airfoils and two subsonic airfoils at 
Mach numbers .from 0.3 to 0.9. Wing pressure distri- 
butions have also been studied at high lift coefficients 
and at high Mach numbers. The model in this case was 
a tapered wing having NACA 230 series sections. A 
comparison presented in Technical Note 1390 of meas- 
ured and calculated chord-wise pressure distributions 
for several stations along the span showed satisfactory 
agreement for purposes of structural design up to the 
critical Mach number. 

Several flight investigations of aerodynamic loads 
were also conducted. In extensive dive tests of the 
XP-51 airplane, studies were made of the pressure dis- 
tribution measurements over the wing at high Mach 
numbers. Spanwise load distributions were also de- 
termined in flight tests of a YP-80A airplane and com- 
pared with computed spanwise values. 

Wind tunnel measurements of the airload distribution 
of a canard-type airplane are reported in Technical 
Note 1295. Two combinations of lifting surface and 
fuselage, representing appreciable variation of lifting 
surface span relative to fuselage diameter, were obtained 
by removing separately the wing and stabilizer of the 
model. The results showed that for the configurations 
tested the spanwise loadings on the combinations agreed 
fairly well with the loadings calculated by the Lennertz 
method. With particular reference to triangular wings, 
Technical Note 1183 presents a simple method uti- 
lizing linearized theory for calculating the loading of 
such wings at supersonic speeds. 

As a phase of load studies on wings, studies have 
also been made of the loads on control surfaces. Tech- 


nical Note 1386 presenting the results of an investiga- 
tion of drooped ailerons on NACA low-drag airfoils, 
includes the results of pressure distribution measure- 
ments over such ailerons for various control locations 
and deflections as an aid in aileron and flap design. 

A detailed knowledge of the airloads over the com- 
ponent parts of double-slotted flaps is required by air- 
craft structural designers, since a large part of the total 
lift is carried b} 7 these relatively thin surfaces. In 
order to provide such information for one representative 
double-slotted flap, a low-speed high Reynolds number 
investigation was conducted to determine the airloads 
over a 'double-slotted flap on an NACA low-drag airfoil 
section. 

Tests of a wing section equipped with a double-slotted 
flap were conducted in the Langley two-dimensional 
low-turbulence tunnel to determine the effect of a skirt 
extension of the slohentry on the lower surface. Aero- 
dynamic loads were determined for the flap and vane 
with the best skirt' extension installed. 

Investigations conducted on the P-51D airplane have 
yielded particularly useful information on the loads im- 
posed on the wing in maneuvering flight. In this in- 
vestigation the true maximum lift coefficients were 
measured in abrupt and gradual stalls, and the buffeting 
boundary was determined in abrupt pull-ups to high 
Mach .numbers. These boundaries determine the maxi- 
mum loads which would normally be encountered in 
maneuvering flight with this airplane. 

The loads imposed on airplane wings by atmospheric 
gusts have also been a subject of much research. In 
the past it has been possible to treat airplanes as rigid 
structures in the computation of gust loads. With the 
advent of larger and more flexible airplanes operating 
at higher speeds, the effects of structural elasticity be- 
come important, and it is necessary to determine 
methods for calculating and evaluating the effects of dy- 
namic response. A method has been developed for 
predicting the dynamic response of airplane wings to 
gusts by considering only the fundamental mode of 
wing bending, and tests have been made in the gust 
tunnel to verify the method. Calculations have also 
been made to determine the changes in the aerodynamic 
response of airplane wings brought about by changes in 
gust and airplane parameters. The gust tunnel tests 
served to show that the method is of sufficient accuracy 
to predict the increment in load for conventional air- 
planes. The test results also emphasize the need for 
including aerodynamic damping in calculations of 
dynamic response of airplane wings. Technical Note 
1320 presents the results of these calculations, includ- 
ing the* effects of gradient distance, the overstress pos- 
sible from the usual design gust, the seriousness of 
repeated gusts, and the effects of change in forward 
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velocities. Additional work on methods of calculating 
dynamic response has resulted in an improved method 
of calculation which has been summarized in Technical 
Note 1321. An easily evaluated solution of the equa- 
tions presented is possible, permitting the determina- 
tion of the response to any forcing function. Satis- 
factory agreement was found in a comparison of calcu- 
lated response with experimental results. This method 
is quicker and more rational than methods previously 
developed and permits the determination of the entire 
time history of the dynamic response. 

The elasticity of the wing structure is an important 
factor in that the twist of the wing under the load 
imposed by the deflection of the control surface may 
be such as to neutralize or even reverse the effectiveness 
of the control in obtaining the desired reaction of the 
airplane. The effects of a spoiler-type lateral control 
device on the spanwise variation of section twisting 
moments of an NACA 230-series wing were determined 
from pressure distributions obtained in the Langley 
19-foot pressure tunnel at a Reynolds number of 7,350,- 
000 and a Mach number of 0.25. The results of the in- 
vestigation, reported in Technical Note 1298, show that 
the maximum wing twisting moment contributed by 
the spoilers was obtained at a station approximately 25 
percent of the wing semispan inboard of the spoiler. 
It appears that spoiler-type lateral-control devices will 
produce smaller wing twisting moments than conven- 
tional ailerons. 

Aerodynamic Loads on Tails 

Considerable information of importance in the de- 
termination of the loads occurring on tails has been ob- 
tained in the course of studies of airplane wings. The 
investigation previously reported in the Langley 8-foot 
high-speed tunnel on a model of a high-aspect ratio 
wing included a study of the downwash angles of the 
flow behind that wing, and investigations have been 
conducted in the Langley 7- by 10-foot tunnel of the 
downwash angles of flow behind swept wings of various 
plan forms. Some results are presented in Technical 
Note 1378. Again the importance of a thorough knowl- 
edge of the loads occurring on tail surfaces and control 
surfaces is pointed out in Technical Note 1296. The 
effects of surface covering deformation were explored 
extensively and it was shown that, if deformation could 
be prevented over a relatively small part of the control 
surface near the trailing edge, any deformation that 
occurred ahead of the rigid portion would produce only 
very small effects on hinge moments. 

At Langley tests of a full-scale semispan horizontal 
tail surface for a jet-propelled fighter airplane have 
been conducted in the 16-foot high-speed tunnel to deter- 
mine the. variation of the chordwise and spanwise pres- 


sure distributions with Mach number. Surface irregu- 
larities were found to cause appreciable distortion of the 
pressure distribution. By elimination of the surface 
irregularities it is estimated that the critical speed of the 
tail surface could be raised from a Mach number of 0.77 
to 0.80. Reasonable agreement between the calculated 
and experimental root -bending moment coefficient was 
obtained up to a Mach number of 0.08. 

As a result of flight tests, a report. Technical Note 
1122, has been written describing approved methods for 
estimating the vertical tail loads encountered during 
various maneuvers. Charts were developed for pre- 
dicting the sideslip angles in rolling pull-outs. A roll- 
ing pull-out is a maneuver which may be encountered 
particularly in combat flight, and in which large angles 
of sideslip may be developed, a condition which may be 
critical for vertical tail design. A simplified expression 
for computing the maximum vertical tail load was also 
derived. Since the variation of airplane yawing mo- 
ment with angle of sideslip may not be linear, an ap- 
proximate method for treating these cases was 
developed, which appears to be generally applicable. 
Another investigation compared the estimated tail loads 
obtained by simple methods requiring known sideslip 
and rudder angles with measured values of the loads 
actually encountered in flight tests. 

Technical Note 1394 also contributed to knowledge of 
the factors which affect the loads and load distribution 
on the vertical tail surfaces in maneuvers. In the case 
of rudder kicks the significant loads were found to be 
the “deflection load” resulting from an abrupt control 
deflection and the “dynamic load” consisting of load 
corresponding to the new static equilibrium condition 
for the rudder deflected, plus a load due to transient 
overshoot. The critical loads on the rudder were as- 
sociated with the deflection load and those on the fin 
with the dynamic load. In fishtail maneuvers it was 
found that the pilot tended to deflect the rudder in phase 
with the natural frequency of the airplane. At the con- 
dition of resonance the maximum loads on the fin and 
rudder were approximately 90° out of phase. The 
maximum loads measured in fishtailing maneuvers were 
of the same order of magnitude as those arising from 
a rudder kick in which the rudder was returned to zero 
at the time of maximum sideslip. 

Frequently buffeting loads arising from irregularities 
of flow streaming off the airplane wing are superim- 
posed on the load which the horizontal tail must carry 
in order to maneuver the airplane. In connection with 
the dive tests on the XP-51 airplane, previously re- 
ported, studies were made of the airflow behavior over 
the wing by means of photographs of wool tufts at- 
tached to the wing surface. Studies of the buffeting 
boundary of the P-51D airplane also contributed to 
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the knowledge- of the loads which must be carried by 
the horizontal tail. 

Aerodynamic Loads on Fuselages and Airplane 
Components 

The Ames laboratory has completed an analysis ap- 
plying the linear perturbation theory to the determina- 
tion of subcritical pressure distributions over bodies of 
revolution at zero angle of attack. 

As a part- of a general investigation of the aero- 
dynamic loads on cockpit enclosures, surface static pres- 
sures have been measured over various cockpit canopies 
of airplanes in the Langley full-scale tunnel. The re- 
sults of these investigations show the effects of canopy 
position, yaw, lift coefficient, and propeller operation 
on canopy-load distribution. The results indicate that 
the greatest aerodynamic forces on a canopy occur when 
the airplane is operating at high speed with the canopy 
closed and that they are in the outward direction. For 
all attitudes the effect of opening the canopy is to reduce 
the external-internal pressure differential and, there- 
fore, to reduce the outward forces. 

SUBCOMMITTEE ON HIGH-SPEED 
AERODYNAMICS 

Ames 12-Foot Wind Tunnel 

The Ames 12-foot wind tunnel, which was dedicated in 
July 1946, has been placed in operation during the year. 
This wind tunnel is a low-turbulence tunnel designed 
so that the density of the air can be varied from one- 
sixth of an atmosphere to 6 atmospheres. Low turbu- 
lence is achieved by means of 8 fine-mesh screens in- 
stalled in the largest diameter of the wind tunnel, where 
the area is 25 times that of the 12-foot-diameter test 
section. The wind tunnel is of the single-return type. 
The low turbulence of the tunnel, coupled with the 
ability to obtain a wide range of Reynolds and Mach 
numbers, makes it a very useful piece of research equip- 
ment. 

Wings, Bodies, and Wing-Body Interference 

The Ackeret iteration process has been utilized to 
calculate the effect of compressibility at high subsonic 
speeds on the moment acting on an elliptic cylinder at 
small lift coefficients. The expression for the pitching 
moment was derived and showed a first-step improve- 
ment in the Prandtl-Glauert rule. The lift force was 
also derived and showed a second-step improvement in 
the Prandtl-Glauert rule. With these results it was 
possible to calculate both the effect of Mach number 
and the thickness of the cylinder on the location of the 
center of pressure. This work was reported in Tech- 
nical Note 1218. 

A simple approximate method has been determined 


for the calculation of isentropic irrotational flows past 
symmetrical airfoils, including mixed subsonic and 
supersonic flows. The method is based on the choice of 
suitable values for the curvature of the streamline in 
the flow field. If a satisfactorily accurate estimate of 
the curvature of the streamline may be made in the 
portion of the flow being investigated the general 
method appears applicable to any subsonic- or super- 
sonic-flow problem, which would provide a simple 
means of calculating conditions in the field of an airfoil. 
The method may also be applied to bodies of revolution. 
This investigation was reported in Technical Note 1328. 

The analogy 7 between water flow witli a free surface 
and two-dimensional compressible gas flow has been 
investigated with the aid of water-channel apparatus. 
Tests were made to determine the flow about circular 
cylinders of various diameters at subsonic velocities ex- 
tended' into the supercritical range (Technical Note 
1185). Reasonably satisfactory agreement of pressure 
distribution and fields of flow were found between the 
water and air flow about corresponding bodies. 

Several thin sharp-leading-edge airfoils and airfoils 
with small leading-edge radii were investigated in the 
Langley rectangular high-speed tunnel. Flow phenom- 
ena were observed associated with the small leading- 
edge radius which has important bearing on the aero- 
dynamic characteristics at transonic speeds of airfoils 
of this type, which are being considered for some appli- 
cations, Comparative results show that subsonic drag 
of the sharp-leading-edge sections was higher than for 
those airfoils with rounded leading edges. These re- 
sults were reported in Technical Note 1211. 

A theoretical study was made of the lift and drag 
characteristics of symmetrical wedge-shaped airfoil 
sections at supersonic speeds as effected by sweep-back 
outside the Mach cone (Technical Note 1226). Those 
portions of the wing in two-dimensional flow were 
treated to determine the effects of sweep-back, Mach 
number, and thickness ratio. It was shown that under 
some conditions sweep-back outside the Mach cone in- 
creased the lift-drag ratio. 

It was known that for a given thickness ratio, neg- 
lecting skin friction, the symmetrical diamond-shaped 
airfoil had the lowest drag at supersonic speeds. In 
Technical Note 1371 consideration was given to the skin 
friction drag of two dimensional supersonic airfoils. 
It was shown that the laminar boundary layer was more 
stable on biconvex airfoils, than on the diamond- 
shaped airfoil. Consequently 7 , the curved airfoil had 
more laminar flow and hence lower viscous drag and 
also a lower total drag at certain Reynolds numbers 
and Mach numbers. 

Calculations of the supersonic wave drag at zero lift 
have been made for families of tapered and untapered 
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wings swept behind the Mach lines, and the sum of the 
results presented in NACA Technical Note 1319. For 
a given taper ratio and aspect ratio appreciable reduc- 
tion in wave drag coefficient with increasing sweepback 
was found. For a given angle of sweepback wave drag 
decreased with increasing aspect ratio when the wing 
was swept well behind the Mach lines. When the Mach 
lines approached the leading edge the low aspect ratio 
wings had lower drag coefficients. The calculations for 
wings on the basis of equal root bending stress showed 
that the increased aspect ratio associated with wing 
taper reduced the drag coefficient when the wing was 
swept well behind the Mach lines and increased the 
drag coefficient when the Mach lines approached the 
leading edge : similar comparisons on the basis of con- 
stant aspect ratio showed that when the wing was 
swept behind the Mach lines an increase in the taper 
resulted in an increase in the drag coefficient, and when 
the Mach lines approached the leading edge, resulted in 
a decrease, in the drag coefficient. 

A simple method utilizing linearized theory was 
found for calculating the lift and induced drag of 
triangular wings at supersonic speeds. The slope of 
the lift curve was found to depend only on the ratio of 
the leading-edge angle to the Mach number. An ap- 
preciable suction force on the leading edge was in- 
dicated when the leading edge was behind the Mach 
line. This work was reported in Technical Note 1183. 

A theoretical investigation of the aerodynamic coeffi- 
cients of two-dimensional supersonic biplane wings in- 
dicated that for a given thickness ratio the biplane can 
have greater lift-drag ratios than the monoplane if 
friction is neglected. Definite conclusions regarding 
the relative merits with friction considered could not be 
drawn due to the lack of experimental data or friction- 
drag coefficients at supersonic speeds. The maximum 
friction drag for which the biplane would retain its 
superiority was estimated, however. This investigation 
was reported in Technical Note 1316. 

A theoretical method has been formulated to evaluate 
the lift distribution on thin three-dimensional wings at 
supersonic speeds (Technical Note 1382). The method 
has been applied to calculate the pressure distribution 
and to evaluate portions of the flow field in the vicinity 
of the wing tips at supersonic speeds. The effects of 
yawing thin pointed wings and related plan forms at 
supersonic speeds have also been evaluated by the 
method in Technical Note 1129. 

Technical Note 1487 has been prepared, dealing with 
a theoretical study of the effects of aspect ratio and 
taper on the pressure-drag of unswept wings at zero 
lift. On the basis of this investigation nondimensional 
charts have been derived which permit a rapid estima- 
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tion of the drag coefficient of any wing at any Mach 
number. 

The Langley Flight Research Division has continued 
drag measurements at zero lift in the important tran- 
sonic speed range by means of the freely falling body 
method described in the previous annual report. In 
addition to airfoil tests to extend the results reported 
last year, preliminary results have been obtained on 
the transonic drag characteristics of wing-body combi- 
nations which appeared promising for use as transonic 
or supersonic aircraft. 

Unfavorable interference effects between body and 
swept wings has been expected on theoretical grounds, 
since at the juncture of a swept wing with a body the 
beneficial lateral displacement of the streamlines is 
ordinarily prevented. There is however, a possibility of 
shaping the surface of the body at the juncture to 
accommodate the displacement of the streamlines for 
a particular lift coefficient and thus to minimize the 
flow disturbance when the wing is operating at this lift 
coefficient. In this connection a method for the calcu- 
lation of the streamline pattern about a swept wing 
was developed in the Langley Stability Analysis Sec- 
tion. The method and specific examples of the subsonic 
flow patterns about two particular airfoils are presented 
in Technical Note 1231. Experimental confirmation 
is required. 

Wind Tunnel Tests of Specific Airplanes 

The lift and drag characteristics of the D-558-1 re- 
search airplane, with several wing and tail planform 
configurations, were determined from a preliminary 
investigation of a model of the airplane in the Langley 
8-foot high-speeed tunnel at high subsonic Mach num- 
bers. 

An experimental investigation was conducted in an 
Ames supersonic timnel to determine the aerodynamic 
characteristics of a fighter airplane. Measurements 
were made of the lift and drag characteristics, longi- 
tudinal and directional stability, and elevator effective- 
ness. 

Aerodynamic Heating 

An analytical investigation was made to determine 
the amount of cooling required to maintain the surface 
temperatures of a body of revolution at a given value 
in steady, supersonic flight (Technical Note 1300) . An 
approximate method was developed for determining 
the cooling requirements in the region of laminar 
boundary layer on a body of revolution as a function 
of Mach number, altitude, size, and surface tempera- 
ture. The method was applied to an example body at 
Mach numbers up to 3 and altitudes within the lower 
constant-temperature region of the atmosphere (40,000 
to 120,000 feet). For thin, fair bodies, the body length 
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for a completely laminar boundary layer was estimated 
as about 50 feet for Mach numbers of about 3 and alti- 
tudes of about 100,000 feet. Cooling requirements were 
found to increase rapidly with increasing Mach number. 

High-Speed Boundary Layers and Shock Waves 

The large influence of viscous effects at supersonic 
velocities became apparent during a recent investiga- 
tion on an airfoil. In order to visualize the flow within 
the viscous boundary layer, an adaptation of the liquid- 
film method developed in England by Grey was used. 
This method utilizes the fact that the rate of evapora- 
tion of a liquid from the surface of a model is generally 
much greater where the boundary layer, is turbulent 
than where it is laminar. The technique employed con- 
sisted of, first, coating the model to be tested with dull 
black lacquer. Immediately prior to installation in 
the tunnel, the model was given a thin coat of a liquid 
mixture composed of glycerin, alcohol and a liquid de- 
tergent, the glycerin being the actual evaporating agent. 
With the model mounted in the wind tunnel for testing, 
force measurements and visual or photographic ob- 
servations of the boundary layer, as indicated by the 
liquid film, were made simultaneously. The method 
allows the determination of the point of transition 
from laminar to turbulent boundary layer, the position 
of laminar separation and the areas of separated or 
reverse flow on wing surfaces. To date, the method 
has been applied to bodies of revolution, wings, and 
wing-body combinations, and has been a valuable aid 
in the interpretation of force measurements. 

The theoretical work on the stability of the laminar 
boundary layer in a compressible fluid, first presented 
in Technical Note 1IT5, "Has been continued and more 
recent developments reported in Technical Note 1360. 
It was shown in that report that the Reynolds number at 
which the laminar boundary layer became. unstable to 
small disturbances was influenced markedly by condi- 
tions of heat transfer through the boundary layer. 
Withdrawing heat from the fluid through the solid sur- 
face was found to increase the stability of the laminar 
layer to disturbances — that is, to increase the Reynolds 
number at which the boundary layer became unstable — 
and that conduction of the heat to the fluid through the 
solid surface has the opposite effect. It was further 
shown that at supersonic Mach numbers when the rate 
at which heat is withdrawn from the fluid through the 
solid surface exceeds a certain critical value the laminar 
boundary layer is completely stable at all Reynolds 
numbers. Calculations show that for a free-stream 
Mach number greater than 3, approximately, the bound- 
ary layer flow for thermal equilibrium (where the beat 
conducted from the flow through the solid surface 
balances the heat radiated from the surface) is com- 


pletely stable at all Reynolds numbers, if the free-stream 
flow is nonturbulent. Some experimental confirmation 
of certain of the low-speed conclusions is available ; for 
example, the result that heating a surface (heat con- 
duction to the fluid) causes a reduction in the Reynolds 
number for transition to turbulent flow has been experi- 
mentally observed. 

There is experimental evidence that channel flows 
involving shock-free deceleration through the speed of 
sound are unstable. An analysis, presented in Tech- 
nical Note 1225, of nonviseous, unsteady channel flows 
has been made to gain some insight into this apparent 
instability, to provide some information on the factors 
determining the minimum shock intensity for stable 
flow, and to study in general the formation and motion 
of shock waves .in ehannel flow. From this study it was 
concluded that smooth transonic deceleration is unstable 
to compression pulses or waves coming from the rear 
of the channel. 

SUBCOMMITTEE ON STABILITY AND 
CONTROL 

The Subcommittee on Stability and Control is con- 
cerned with all problems affecting the flying and han- 
dling qualities of aircraft. With the advent of pro- 
pulsion units capable of developing thrust sufficient for 
flight at supersonic speeds there have been radical 
changes in the basic configuration of aircraft, involving 
sweepback, !ow aspect ratio, and new types of airfoils 
and control surfaces. These changes in configuration 
have introduced new problems in stability and control 
over the entire speed range which must be solved before 
such aircraft can be flown with safety. The research 
facilities of the Ames and Langley laboratories are 
therefore extensively engaged in attacks on these prob- 
lems. Some of the currently completed research in this 
field forms a part of the present annual report. 

Longitudinal Stability 

The problems of static longitudinal stability and con- 
trol and the diving tendencies at high speeds of air- 
planes having unswept wings have been analyzed by the 
Ames Aeronautical Laboratory. The analysis covers 
the effects of compressibility on both the stick-fixed and 
stick-free characteristics of airplanes up to high sub- 
sonic Mach numbers. A further study of the problem 
of stability and control at high subsonic speeds includes 
a current analysis of the effects of wing aspect ratio and 
tail location. 

With the objective of determining further the feasi- 
bility of predicting flight characteristics with reason- 
able accuracy, from tests of small-scale three-dimen- 
sional airplane models, an investigation has been 
conducted to determine longitudinal stability and con- 
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trol characteristics of a scale model of a jet airplane in 
the Ames 1- by P^-foot high-speed wind tunnel. 

As a further aid in the determination of the stability 
and trim characteristics of complete airplanes, down- 
wash angles have been measured behind a model of a 
high-aspect-ratio wing at points near the probable tail 
location at high subsonic Mach numbers in the Langley 
8-foot high-speed tunnel. 

A further study of downwash behind swept wings 
was made in the Langley 7- by 10-foot tunnel to de- 
termine effects of wing planform. The results pre- 
sented in Technical Note 1378 indicated that the maxi- 
mum rate of change of downwash with angle of attack 
occurred in the regions normally occupied by the hori- 
zontal tail. In general, the rate of change of downwash 
with angle of attack was reduced by lowering the tail 
to the extended chord line or by increasing the tail 
length. 

In connection with a basic research study of the low- 
speed stability and control problems associated with 
swept wings, investigations are being conducted in 
the Langley tree-flight tunnel on several proposed 
United States Air Forces and Navy swept-wing air- 
planes that are considered typical of current design 
trends. Both tailless and conventional designs having 
sweepforward and sweepback (including triangular 
planform) are being investigated for the purpose of 
determining, and finding solutions for, the low-speed 
stability and control problems of practical design swept- 
wing airplanes. 

A preliminary investigation made in the Langley 
300-mile-per-hour 7- by 10-foot tunnel to determine the 
low-speed characteristics in pitch of a 60° sweptback, 
tapered, low-drag wing of aspect ratio 2.55 is reported 
in Technical Note 1284. Because of undesirably large 
changes in the p itching-moment characteristics of the 
60° swept wing, several modifications were made to the 
wing in an attempt to improve these characteristics. 
The maximum-lift coefficient of the sweptback wing was 
about the same as that of the wing with panels rotated 
to give an unswept planform. Decreasing the aspect 
ratio of the swept wing from 2.55 to 1 improved the 
pitching-moment characteristics, particularly in the 
high-lift coefficient range. 

In order to determine the effect of ^Reynolds number 
at low speeds on the wing configurations for high 
speeds, a series of investigations have been conducted in 
the Langley 19-foot pressure tunnel, the Langley full- 
scale tunnel, and the Ames 40- by 80-foot wind tunnel. 
Wing planforms incorporating various airfoil sections 
and both sweepforward and sweepback have been 
studied. In a part of the program the effects of a fuse- 
lage on the characteristics of the wing configurations 
have been investigated. The investigations also included 


tests of extensible leading edge flaps and various trail- 
ing edge flap combinations. A combination of leading 
edge flaps or slats over the outer portion of the wing and 
trailing edge slat flaps over the inner portion of a 
sweptback wing produced a reasonable maximum-lift 
coefficient and longitudinally stable characteristics at 
the stall. 

The characteristics of a moderately sweptback wing 
with various arrangements of lift and trim flaps were 
investigated and have been reported in Technical Note 
1352. The results of flap lift increments and flap spans 
and chords necessary for trim were generally in good 
agreement with predictions based on an earlier an- 
alytical investigation. The experimental results indi- 
cated that under some conditions it may be advan- 
tageous to locate the lift flap some distance forward of 
the wing trailing edge. 

Experimental research on the stability and control 
characteristics of various airplane configurations under 
conditions simulating rolling, yawing, and pitching mo- 
tions is being performed by means of the rolling and 
curved-flow facilities of the Langley stability tunnel. 
The information obtained should provide a basis for 
a marked improvement in the accuracy with which air- 
plane motions can be predicted. Tests reported in 
Technical Note 1309 have established the validity of 
the rolling-flow method for determining characteristics 
in roll. The investigation shows that important 
changes may occur in the rolling characteristics of 
swept wings at high lift coefficients. These changes are 
not easily predictable by theory, since they seem to be 
associated with the break-down of potential-flow char- 
acteristics. 

The results of tests made to determine the effect of 
wing-tip tanks on lateral maneuverability are presented 
in Technical Note 1317. This report shows that the 
use of some wing-tip tank arrangements on straight 
wings may cause appreciable losses in lateral maneuver- 
ability. Tanks located below the wing tips are shown 
to cause a smaller loss in lateral maneuverability than 
tanks located out from the wing tips. 

An investigation reported in Technical Note 1351 of 
the span loading on wings having moderate amounts of 
sweepback and sweepforward showed that available 
methods for predicting the span-load distributions gave 
results which were in good agreement with experiment 
at low and moderate angles of attack. The results also 
indicated the possibility of large shifts in the aero- 
dynamic centers of swept wings at high lift coefficients. 

An investigation was made in the Langley 7- by 10- 
foot tunnel to determine the effect of wing position, 
power, and full-span flaps on the longitudinal stability 
and control characteristics of a single-engine airplane. 
The results of the longitudinal-stability investigation 
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with a low-wing model are reported in Technical Note 
1239 and the high-wing-model results are presented in 
Technical Note 1339. Deflecting the flaps on the low- 
wing model increased the longitudinal stability slightly. 
The effect of power on longitudinal stability was small 
except for an erratic effect with single slotted flaps and 
at very high lift coefficients with double slotted flaps. 
With the wing in the high position, flap deflection 
generally decreased the stability slightly. The sta- 
bility was appreciably higher for all flap conditions 
with power-off for the high-wing model than for the 
low-wing model, but the effects of power were generally 
destabilizing. 

Lateral and Directional Stability 

Tests made on specific aircraft models during the 
war indicated the need for a rational method for the 
prediction of the lateral stability of aircraft. Existing 
information on the effects of various airplane com- 
ponents on lateral stability needed considerable analysis 
for proper evaluation, and appeared to be inadequate. 

An analysis of existing information on dihedral ef- 
fect has been undertaken at the Ames laboratory with 
a view toward evolving a satisfactory method for the 
estimation of the dihedral effect of a complete airplane. 
This study indicated the need for additional analytical 
and experimental information for both straight and 
swept-back configurations. 

An investigation was made in the Langley 7- by 10- 
foot tunnel to determine the effect of wing position, 
power, and full-span flaps on the lateral stability and 
control characteristics of a single-engine airplane. The 
results of the lateral stability investigation with the 
low-wing model are reported in Technical Note 1327 
and the high-wing model results are presented in Tech- 
nical Note 1379. Power decreased the dihedral effect 
on the low-wing model regardless of flap condition and 
the double-slotted-flap configuration showed the most 
marked decrease. Raising the wing to the high posi- 
tion slightly increased the effectrte dihedral, power- 
off with flaps neutral, and decreased the directional 
stability somewhat, power-off for all flap conditions. 

General stability and control research was continued 
at the Langley full-scale tunnel with an investigation' 
of the factors that affect the rate of change of rolling 
moment with yaw for a typical fighter-type airplane. 
The separate effects of propeller operation, of the wing- 
fuselage combination, and of the vertical tail on the 
effective dihedral of the airplane were determined. 

As a portion of a program to study the characteristics 
of swept wings at large scale, a study has been made in 
the Ames 40- by 80-foot wind tunnel of the damping in 
roll of swept wings. Five large-scale wings were tested 
on the rolling stand. Using the experimental results as 
a basis, a theoretical procedure was developed to pre- 


dict the damping-in-roll characteristics of swept wings 
which appears as good as that used in the case of un- 
swept wings. From these results it would appear that 
the designer can satisfactorily find the damping-in-roll 
of his swept-wing design without additional experi- 
mentation. 

Recent stability calculations have indicated that it is 
necessary hr include product of inertia terms in the 
lateral stability equations in order to determine ac- 
curately the damping of the lateral oscillation. When 
the effects of product of inertia are taken into account 
the problem of attaining satisfactory lateral stability 
with highly swept wings "does not appear as serious as 
had previously been expected. A systematic investiga- 
tion with several models in the Langley free-flight 
tunnel has provided a comprehensive check of tire calcu- 
lations and has indicated conclusively the need for in- 
clusion of effect of product of inertia in lateral stability 
calculations. The results of this study are reported in 
Technical Note 1370. 

An investigation to determine the effect of geometric 
dihedral on the aerodynamic characteristics of a 40° 
swept-back wing of aspect ratio 3 has been completed in 
the Langley free-flight tunnel and reported in Technical 
Note 1169. The results of this investigation indicated 
that for low and moderate lift coefficients, changes in 
geometric dihedral from -10° to 10° resulted in a 
change in the effective dihedral that was about 75 per- 
cent as great as that- obtained for an unswept wing of 
aspect ratio 6. For dihedral angles outside the range 
of — 10°_to 10°, changes in geometric dihedral pro- 
duced approximately one-half the change in effective 
dihedral as for dihedral angles betwen -10° and 10°. 

As a continuation of the Langley free-flight tunnel 
research on swept wings, tests have been made to deter- 
mine the low-speed static stability and clamping-in-roll 
characteristics of three wings having 42° sweepback and 
aspect ratios of 5.9, 3, and 2, and two wings with 38° 
sweepforward and aspect ratios of 5.9 and 3. The re- 
sults of- these tests, reported in Technical Note 1286, 
showed that decreasing the aspect ratio reduced the 
damping in roll and tended to eliminate the longitudinal 
instability at the stall of the sweptback wings. Sweep- 
forward produced a maximum value of negative effec- 
tive dihedral approximately one-half-of the positive 
value produced by sweepback. 

Two flight investigations in the free-flight tunnel 
with models having 42° and 62° sweepback have been 
made to- study the dynamic stability and control char- 
acteristics of swept wings. The results of the tests are 
presented in Technical Notes 1287 and 1282 for the 42° 
and 627 sweptback models, respectively. In general, 
both models exhibited the same stability and control 
characteristic^. The dynamic longitudinal stability 
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was unsatisfactory at intermediate lift- coefficients 
although force test results had indicated satisfactory 
static stability over this range. The poor flight be- 
havior was believed to be associated with the change in 
airflow over the wing that caused abrupt changes in the 
variation of wing pitching moment and model flight- 
path angle with lift coefficient. The lateral oscillation 
was predominantly a rolling motion and was fairly well 
damped over the entire lift range. The very large 
rolling moment due to sideslip affected the control- 
lability adversely, particularly when the directional 
stability was low. These results indicated that dihedral 
and tail design will in some cases be determined more 
from considerations of controllability than of dynamic 
lateral stability. Aileron control became weaker with 
increasing lift coefficient and in the case of the 62° 
sweptback model was inadequate to maintain satis- 
factory control at high lift coefficients. At the stall the 
models dropped without pitching or rolling off which 
can be accounted for by the fact that these sweptback 
wings maintained some damping in roll at the stall in 
contrast to unswept wings which usually auto-rotate 
at the stall. 

A theoretical investigation was made in the Langley 
Stability Analysis Section to determine the effect of 
variations in the lateral-stability derivatives, wing load- 
ing, altitude, and radii of gyration on the lateral 
stability boundaries. The results of the investigation 
indicated that an airplane with a high wing loading 
designed for high-speed and high-altitude flight would 
be laterally stable if the moments of inertia, the location 
of the principal longitudinal axis of the airplane, and 
the value of the damping in roll derivative C p were 
properly selected. Inclination of the principal longi- 
tudinal axis of the airplane above the flight path at the 
nose caused a large stabilizing shift in the oscillatory 
stability boundary but did not affect the spiral stability 
boundary. A more complete analysis of this investi- 
gation is reported in Tech n ical Note 1282. 

Controls 

Significant results have been obtained from several 
control-surface investigations conducted in the Ames 
16-foot wind tunnel covering the effects of sweep, trail- 
ing-edge contour, and fabric distortion on the hinge 
moments and effectiveness of control surfaces at high 
subsonic Mach numbers. An extensive investigation 
was conducted of control surfaces having shielded and 
unshielded horn balances. The results of the several 
investigations emphasize the pronounced and often ad- 
verse control-surface characteristics at high speeds 
which can be caused by relatively small irregularities of 
control-surface contour, by excessive trailing-edge 
angle, and by some types of aerodynamic balances. 


Analytical studies have been made on the effects of 
control-surface characteristics on the high-speed longi- 
tudinal stability and control of airplanes. 

The effects of variations in airfoil thickness-chord 
ratio and in flap chord upon the effectiveness of plain 
trailing-edge flaps in controlling lift at speeds approach- 
ing that of sound have been investigated in the Ames 
1- by 314-foot high-speed wind tunnel. 

An investigation reported in Technical Note 1228 was 
made in the Langley two-dimensional low-turbulence 
pressure tunnel to study the two-dimensional character- 
istics of a control surface suitable for application to a 
large modern airplane. The tests were made of a 10.7- 
percent-thick symmetrical tail section equipped with 
a 40-percent-airfoil-chord flap designed for use as either 
a rudder or elevator and incorporating a 20-percent-flap- 
chord tab. Results indicated the importance of sealing 
the tab nose gap because of a resultant increase in tab 
hinge-moment effectiveness and flap lift effectiveness. 
Sealing the flap nose gap was also beneficial in that it 
eliminated sharp irregularities in the flap hinge-mo- 
ment characteristics and large increases in drag that 
were caused by flow of air through the gap. 

Research has continued on the factors that affect the 
hinge moments of control surfaces and on improved 
methods of designing control surfaces to obtain satis- 
factory characteristics. (See Technical Note 1296.) 
A considerable amount of data on the characteristics 
of tabs having various aerodynamic balances has been 
published in Technical Note 1403. Analysis of the re- 
sults indicated that certain types of balance could be 
used to advantage on the spring tabs of large airplanes. 
The use of lifting-surface theory, which has been shown 
to provide a reliable basis for predicting the hinge mo- 
ments of finite-span control surfaces from section char- 
acteristics, has been extended in Technical Note 1275 
to the case of a partial-span elevator. 

A collection and analysis of wind-tunnel data on the 
characteristics of isolated tail surfaces with and with- 
out end plates were made and the results are pre- 
sented in Technical Note 1400. It was found that 
the values of the lift-curve slope and the elevator lift- 
effectiveness parameters computed by use of lifting- 
surface-theory equations agree within about 10 percent 
of the measured values. For elevators with no cut- 
outs, a majority of the hinge-moment parameters com- 
puted by lifting-surf ace- theory equations show good 
agreement with the measured values. The increase in 
lift-curve slope resulting from tip-located double end 
plates was determined to be dependent upon the square 
root of the area of the end plate divided by the airfoil 
span. 

As a part of the program being carried out to corre- 
late section and finite-span data on control surfaces hav- 
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ing various overhang and trailing-edge balances, tests 
were made in the Langley 4- by 6-foo_t vertical tunnel 
of a plain and a balanced flap having three different 
trailing-edge angles on a tapered semispan wing of 
NACA 0009 section. Analysis of the data showed good 
agreement between the measured values of the lift and 
hinge-moment parameters and the values calculated 
from two-dimensional data by lifting-surface theory. 
The results of this investigation were reported in Tech- 
nical Note 1248. 

An improved method of predicting the control forces 
of spring-tab ailerons from wind-tunnel data is de- 
scribed in Technical Note 1333. This method does 
not require that the variations of the aileron and tab 
hinge-moment coefficients be linear nor does it employ 
any lengthy process of successive approximations. 

One study consisted of a collection of the avail- 
able test data on lateral controls with full-span flaps. 
Lateral-control effectiveness and hinge-moment data 
obtained from two-dimensional, three-dimensional, and 
flight tests have been collected and included the 
characteristics of spoiler devices and ailerons with re- 
tractable flaps. A discussion is given of the characteris- 
tics of the laterdl-control devices considered and of the 
application of the data to specific airplane designs. 

A further study, made in the Langley 300 mile per 
hour 7- by 10-foot tunnel to determine the effect of 
span, spanwise location, and chordwise location of 
spoilers on the lateral-control characteristics of a ta- 
pered semispan wing has been reported in Technical 
Note 1294. The results of the investigation indicate 
that the variation of rolling-moment effectiveness with 
spoiler span have a trend similar to that for ailerons 
on a geometrically similar wing. The spanwise yaw- 
ing-moment effectiveness for ailerons and spoilers 
showed the same trend with spanwise location ; but the 
spoilers gave favorable yawing moments. 

Control surfaces for wing plan forms being con- 
sidered for supersonic flight have received some atten- 
tion. At the Ames Laboratory wind-tunnel and wing- 
flow tests have been made to determine the effectiveness 
of various types of hinged control surfaces on a wing 
of triangular plan form. 

At the Langley laboratory the 7- by 10-foot tunnel 
sections have tested various control arrangements on a 
triangular wing at transonic speeds, with special tunnel 
apparatus. 

In an effort to develop suitable lateral-control de- 
vices which permit the use of full-span flaps, an investi- 
gation was conducted to determine the practicability of 
drooped ailerons on NACA low-drag airfoils. The 
results of this investigation are presented in Technical 
Note 1386. Section aerodynamic characteristics of an 
NACA 66 (215-216) (a=0.6) airfoil with a slotted 


aileron of normal profile and modified nose shape are 
presented for various aileron locations, hinge centers, 
and aerodynamic balances. The report also includes 
the results of pressure-distribution measurements over 
the ailerons for various control locations and deflec- 
tions for use as an aid in aileron and flap design. Also 
included in the report are extensive computations made 
to determine the lateral-control characteristics of three 
hypothetical airplanes of widely different sizes assum- 
ing drooped ailerons similar to those for the two- 
dimensional model. These computations indicate that 
the drooped ailerons can be applied successfully to air- 
planes with spans ranging from 45 to 141 feet. 

Flying Qualities 

During the past year, further progress has been made 
in the extension of flying-qualities investigations into 
the transonic speed range. Acceptance tests have been 
completed on the United States Air Forces Bell XS-1 
airplane. The object of these tests was to demonstrate 
the structural integrity of the airplane and to prove 
that its stability and control characteristics were satis- 
factory up to a Mach number of 0.8. NACA personnel 
participated in the tests by evaluating records obtained 
from NACA recording instruments installed in the air- 
plane, NACA telemetering equipment, and radar track- 
ing equipment. The tests were made in a series of 26 
flights with two XS-1 airplanes, and in 14 of these 
flights, the rocket motor was operated. 

Longitudinal stability and control measurements 
have been made up to a Mach number of approximately 
0.8. The stick-fixed and stick-free static longitudinal 
stability was slightly positive up to the maximum speed 
tested. The variation of elevator angle and elevator 
force with normal acceleration in turns and pull-ups 
was satisfactorily stable. The static directional sta- 
bility was high at all speeds. All controls were effective 
up to the highest test speed. 

One XS-1 airplane has been assigned to the NACA 
and a formal research program to obtain aerodynamic 
data attransonic speeds has been started. 

As previously mentioned, the D-558-1 research air- 
plane has been constructed by the Douglas Aircraft Co. 
under contract to the Bureau of Aeronautics, Navy De- 
partment, for use by the NACA in a cooperative pro- 
gram for the exploration of airplane stability and con- 
trol characteristics and air loads at transonic speeds. 
This airplane is a single-place aircraft of conventional 
arrangementand is powered by a turbo-jet engine. The 
acceptance tests of this airplane were conducted afr 
Muroc Air Base, Calif. NACA observers witnessed 
these tests, and at their conclusion, two airplanes were 
assigned to the NACA for comprehensive study. 

As an extension of previous research under clear 
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weather conditions, an investigation was also made of 
the flying and handling qualities requirements of trans- 
port aircraft under blind landing conditions. The im- 
portance of complying with current requirements for 
handling qualities was demonstrated. 

A general investigation of servo-mechanisms for use 
in powering aircraft control surfaces is being conducted 
in order to determine the effects of various booster 
parameters on the handling qualities of airplanes. The 
chief aim of this investigation is to furnish designers 
with quantitative requirements for control boosters in 
general. A theoretical analysis of various possible 
servo-mechanisms was made. This analysis indicated 
that satisfactory performance could probably be ob- 
tained with a control booster which produced a control- 
surface velocity proportional to the error in position 
between the control surface and the control stick. In 
order to check these theoretical results a bench set-up of 
this booster system was built that simulated flight condi- 
tions as closely as possible. The desired motion char- 
acteristics were obtained by building the booster sys- 
tem around a variable-displacement pump, the dis- 
placement of which could be controlled normally with 
negligible force. The bench tests indicated that the 
booster should be satisfactory in all respects. The ap- 
plication of this type of booster mechanism for control 
of large airplanes and also for control of airplanes oper- 
ating in the transonic speed range was considered. 

During the past year the Flight Research staffs of 
the Ames and Langley laboratories have undertaken 
and reported on the determination of the handling char- 
acteristics of nine military airplanes. These investiga- 
tions established the lateral, directional, and longi- 
tudinal stability and control characteristics and the 
stalling characteristics of the airplanes. In a ntunber of 
cases where deficiencies in the handling characteristics 
were found, the investigations were extended to provide 
satisfactory improvement. 

Another investigation continuing the work on corre- 
lation of the handling characteristics of an airplane 
measured in flight with those measured on a small-scale 
model in the Ames 7- by 10-foot wind tunnel has been 
completed using a high-powered carrier-based dive 
bomber. The results of this investigation demonstrated 
again that wind-tunnel tests can show the unsatis- 
factory conditions of flight, but that better results 
would be obtained in tests of large scale models. 

Spuming 

The design requirements for airplane tail surfaces 
that would provide effective control for satisfactory re- 
covery from fully developed spins of personal-owner- 
type light airplanes have been determined from an 
analysis of the characteristics of approximately 60 


models previously tested in the Langley spin tunnels. 
Although these models did not represent actual per- 
sonal-owner aircraft, they had proportions . of mass 
and dimensional characteristics representative of many 
airplanes in the personal-owner category. The results 
of the analysis are presented in Technical Note 1329 
which gives an empirical relationship between a tail- 
design parameter, relative density, and relative mass 
distribution of the airplane required for satisfactory 
recovery. 

Free-spinning-timnel tests were performed with a 
model of a typical fighter-type airplane with 0° and 40° 
sweepback in the wings to obtain an indication of the 
effect of sweepback on the spin and recovery char- 
acteristics. The results of the tests, presented in Tech- 
nical Note 1256, indicated that for this model with a tail 
design considered unsatisfactory as regards spin re- 
covery, sweeping the wings back 40° improved the 
recovery characteristics appreciably, but that with a 
tail design considered satisfactory as regards spin re- 
covery, sweeping the wings back had little effect on the 
recovery characteristics. 

To supplement the existing published data on hinge 
moments of elevators and rudders in spins, hinge- 
moment measurements were made throughout a range 
of spinning attitudes on a specific tail configuration 
mounted on a fuselage. The results of the hinge- 
moment measurements for balanced elevator equipped 
with trim tabs and for a balanced rudder are presented 
in Technical Note 1400. It was found that the elevator 
hinge moments had normal variation with angle of 
attack, yaw, and deflection but because of the high angles 
of attack in spinning attitudes, the elevators had a 
strong up-floating tendency indicating that push forces 
would be generally required for all elevator deflections. 
The elevator balance was not effective in reducing the 
force required to push the elevator to neutral, but the 
trim tabs were quite effective in this respect. The rud- 
der balance appeared to be effective in reducing the 
rudder pedal forces, but the rudder became overbalanced 
at angles of attack greater than 40°. 

Tests were conducted in the Langley 15-foot free- 
spinning tunnel to determine the effect of horizontal tail 
position on the hinge moments of an imbalanced rudder 
in attitudes simulating spinning conditions. It was 
found that a low rearward position of the horizontal 
tail gave the smallest hinge moments, whereas a high 
forward position of the horizontal tail gave the largest 
hinge moments. Rudder hinge-moment coefficients 
were shown to decrease with an increase in angle of 
attack for all horizontal tail positions. It was foimd 
that the rate of change of rudder hinge-moment co- 
efficient with rudder deflection was not appreciably 
affected by the horizontal tail position except in very 
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flat spins. These results are presented in Technical 
Note 1337. 

In addition, the characteristics of 11 specific military 
designs were either determined by tests or analysis. 
Where deficiencies in the spinning characteristics of 
these designs were found, changes to remedy the de- 
ficiencies were investigated and recommended to the 
military services. 

Specific Models 

A number of manufacturers’ models were investi- 
gated in the wind tunnels of the Ames and Langley 
laboratories for the military services in order to deter- 
mine the stability and control characteristics of these 
models. A number of interesting points were brought 
out through these tests. 

An investigation of a ^-scale powered model of a 
proposed 175,000-pound, 290-foot-span, all-wing cargo 
airplane has been made in the Langley full-scale tunnel 
to provide data for an estimation of the flying qualities 
of tailless airplanes. 

An analytical investigation has been made to deter- 
mine the relative performance of tailless and conven- 
tional airplanes in order to determine whether there is 
sufficient pi’omise of better performance by tailless air- 
planes to justify further research on the flying quali- 
ties of this type of airplane. Inasmuch as there has 
been considerable interest in tail-boom type airplanes 
having only a wing, booms and tails, this type of air- 
plane has also been included in the performance com- 
parison. 

In the analysis certain assumptions were made re- 
garding weight, drag and stability which have not 
been wholly confirmed. The findings must therefore 
be considered as tentative pending confirmation by 
additional research. The principal conclusion drawn 
from this analysis was that large all-wing tailless air- 
planes may have better performance characteristics 
than their equivalent conventional airplane or tail- 
boom airplanes for certain types of missions. 

An investigation was conducted on the effect of 
engine skew on the lateral stability and control charac- 
teristics of a single-engine airplane. The results of the 
investigation, which were made in the Langley 7- by 
10-foot tunnel using a % -scale model, have been re- 
ported. The analysis indicated that the skewed thrust 
axis was an effective method of overcoming inadequate 
rudder control for power-on flight at low speeds and 
that it also had a pronounced effect on aileron deflec- 
tion required for trim particularly with flaps deflected. 

An investigation reported in Technical Note 1210 
has shown that slipstream rotation can result in asym- 
metric forces on a fuselage, even in the absence of wing 


and tail surfaces. A fuselage in pitch, for example, 
experiences a lateral force and a yawing moment, each 
proportional to the angle of attack. Tests made with 
various fuselage-propeller combinations yielded results 
which were in fair agreement with an approximate 
theory. 

Force tests have been made in the Langley free-flight 
tunnel of two isolated vee-tail surfaces to provide an 
experimental verification of a simplified vee-tail theory. 
A summary of these data was first presented in NACA 
Wartime Report L-212. Because of the recently in- 
creased interest in vee tails, the complete force-test 
results including moment data not previously given 
have been presented in Technical Note 1369. 

SUBCOMMITTEE ON INTERNAL FLOW 

New types of power plants for current and proposed 
high-speed airplanes and self-propelled missiles re- 
quire the internal handling of many times the quan- 
tity of air used by reciprocating engines. Since 
inefficient handling of large quantities of air would 
result in serious reductions in the performances of the 
aircraft, the Subcommittee on Internal Flow has con- 
cerned itself during the past year with the areodynamic 
problems affecting the efficiency of internal flow 
systems. 

Although internal aerodynamics is a field closely re- 
lated to the usual external aerodynamics of aircraft, 
it is characterized by its own special problems, which 
in many instances require special consideration. Ac- 
cordingly, the NACA’s Langley, Ames, and Cleveland 
laboratories have undertaken specialized studies of in- 
ternal flow phenomena in order to provide a basis 
for practical design of efficient internal flow systems for 
aircraft. 

Wing Inlets 

In current airplane designs wing inlets are of con- 
siderable interest. To determine the velocity distribu- 
tion on arbitrary two-dimensional wing-duct inlet 
shapes, the conformal-mapping method of the Car- 
tesian mapping function was applied. An assumed 
form of an actual wing-duct inlet was analyzed. . The 
effects of the leading-edge stagger, inlet-velocity ratio, 
and section lift coefficient on the velocity distribution 
were included in the study. 

From the foregoing study and tests of a number of 
wing leading-edge air intakes an empirical design 
method has been developed whereby satisfactory wing 
leading-edge air intakes may be designed. Ordinates 
are derived for the inlet section of a given airfoil from 
empirical formulae involving only the given airfoil 
ordinates and a desired inlet height. Using this em- 
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pirical formula, satisfactory section characteristics 
have been obtained for wing inlets of several heights for 
an NACA 6-3-012 airfoil section. These models were 
tested in one of the 7- by 10-foot wind tunnels at the 
Ames laboratory. 

Studies have also been made of specific wing leading- 
edge inlets. One such investigation was carried out in 
the Langley propeller research tunnel on wing-leading- 
edge inlets located between the inboard and outboard 
nacelles of a four-engine airplane. The wing with the 
originally proposed inlets installed was found to have 
much lower maximum lift coefficients and critical Mach 
numbers than those for the basic wing. Inlets with sat- 
isfactory maximum lift, critical Mach number, and 
pressure-recovery characteristics were developed for 
each of two versions of the airplane. Extensive tests 
were also conducted to study the effects of propeller 
operation (both right and left-hand) on the maximum 
lift coefficient and the total pressures in the ducting. 

Side Inlets 

Air inlets located on the sides of bodies have received 
considerable attention. One such study of a series of 
NACA submerged inlets in an 8- by 36-inch wind chan- 
nel has been completed at the Ames laboratory. This 
investigationn was concerned with the effect of various 
changes in inlet configuration upon the merits of the 
submerged inlet. 

A further investigation of practical applications of 
NACA submerged air intakes covering typical appli- 
cation for both turbo-propeller and turbo-jet engine 
installations was undertaken. These wind tunnel inves- 
tigations pointed out many basic design factors. 

Tests of submerged inlets have also been made to 
determine scale effects of this type of installation. 

As a part of the duct-inlet problem, an investigation 
has been conducted in the Ames 7- by 10-foot wind 
tunnels on a fully submerged inlet with a cascade of air- 
foils inclined to the airstream to turn and diffuse the 
entering air. This type of inlet is intended to further 
reduce the amount of internal ducting, and, in addition 
prevent the entrance of foreign material into the duct- 
ing system and engine. The cascade was installed in 
the side of a )4' sca l e fighter fuselage model. 

Nose Inlets 

Because of the simplicity of design and the relative 
ease of aerodynamic analysis, nose inlets are employed 
in many aircraft designs. 

A part of the nose inlet studies conducted at the Labo- 
ratories was an investigation of two sharp-edge super- 
sonic inlets with conical central bodies, at low air speeds, 
in the Langley propeller-research tunnel. This investi- 
gation was undertaken to obtain preliminary informa- 
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tion concerning the characteristics of such inlets in the 
subsonic flight regime. 

A special problem encountered in the design of fuse- 
lage air inlets of the central-body type for high-speed 
airplanes is the avoidance of compression shocks on the 
surfaces ahead of the air inlets. The avoidance of such 
shocks will reduce boundary-layer separation and the 
resulting unstable inlet flow and large losses in pres- 
sure recovery. Studies have indicated that shaping 
the central body so that velocities on this surface are 
below stream values at all points ahead of the inlet will 
minimize the effects of compression shocks in both the 
subsonic and transonic flight regimes. A low-speed in- 
vestigation of simple annular inlets conducted in the 
Langley propeller research tunnel indicated that by 
the use of a conical-nosed body the desired substream 
surface velocities can be obtained over the ranges of 
angle of attack and inlet-velocity ratio useful for high- 
speed flight. 

An annular transonic inlet configuration, modified 
by the installation of a canopy and a nose-wheel fair- 
ing into a twin side-inlet configuration, has been in- 
vestigated in order to study problems involved in ap- 
plying such an inlet to a fighter-type airplane. 

Research efforts at Cleveland and Langley Labora- 
tories have been directed toward the determination of 
the pressure recovery characteristics of various types of 
supersonic nose inlet arrangements. One extensive in- 
vestigation concerned itself with a series of diffusers 
utilizing various combinations of convergent-divergent 
sections. This investigation indicated that appreciable 
pressure losses were unavoidable with this type of dif- 
fuser. The maximum theoretical recovery was limited 
by starting restrictions, and additional limitations were 
found to exist due to the comparative instability of the 
flow caused by pressure fluctuations in the system. Sub- 
sequent researches have indicated methods of reduc- 
ing the inherent losses in this inlet system. 

Inasmuch as the inherent starting limitations of the 
convergent-divergent diffuser can be avoided by resort- 
ing to external compression of the supersonic airstream, 
experimental and theoretical investigations were con- 
ducted to determine the effect of several parameters on 
the pressure recovery of the external compression dif- 
fuser (spike diffuser). 

As part of the analytical study of spike diffusers, a 
design criterion has been determined for reducing to 
a minimum the value of the drag produced by the ex- 
ternal supersonic compression. 

Nacelles 

During the past 2 years the laboratories have con- 
ducted research on various phases of the aerodynamic 
design of high-speed bombers. As a part of this pro- 
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gram, nacelles have received considerable attention. 
Design principles developed through basic studies of 
wing-nacelle combinations at the Ames laboratory and 
the Langley laboratory have been extensively applied 
in current high-speed jet-propelled bomber designs. 

General Studies 

As a guide in assessing the importance of air-intake 
design in determining the efficiency of jet-propelled air- 
craft, a study has been initiated to evaluate the effect 
of pressure, recovery on jet-engine performance. So 
far the investigation has been confined to a single typi- 
cal jet-engine type. The effect of pressure recovery on 
the net thrust of this engine has been determined. In 
the next step, the engine was fitted to a representative 
fighter airplane and the effect on the airplane’s per- 
formance of varying pressure recovery was computed. 

In many cases the flow of gases through engines can 
be predicted with useful accuracy by means of a. one- 
dimensional approximation to the real three-dimen- 
sional flow pattern. A method of calculation has been 
devised to solve one-dimensional flow problems in which 
friction, change in composition, changes in heat con- 
tent, or changes in mass flow may be taken into account 
for either constant or variable specific heat. The 
method is described in Technical Note 1419. 

A supercharger inlet elbow has been designed to pro- 
vide uniform velocity at the outlet with a minimum 
pressure loss through the bend. Flow studies were 
made to determine the effects of a vane installed normal 
to the plane of the bend, and on this bend in combi- 
nation with an impeller shaft housing, to determine the 
outlet velocity distribution and total pressure loss 
through the elbow. The results of these tests and tests 
of a carburetor placed in the system are reported in 
Technical Note 1148. 

The thrust developed by a turbo-jet propulsive unit 
is sharply reduced by pressure losses in the air induc- 
tion system. Under certain operating conditions, 
however, inlet screens with their consequent, pressure 
loss are required to prevent damage to the power plant 
from ingestion of foreign particles. An investigation 
of a turbo-jet inlet screen designed for low pressure 
loss and adequate protection has been made at the 
Langley induction aerodynamics laboratory. 

As part of the basic problem of flows through duct- 
ing involving deceleration through the speed of sound, 
an analysis (Technical Note .1225) of nonviscous un- 
steady channel flow was made. From this study it 
was concluded that smooth transonic deceleration is 
unstable to compression pulses coming from the down- 
stream direction. 

A chart method for the rapid determination of mass- 
flow coefficients and associated flow parameters from 


pressure surveys in internal flow systems has been 
developed and is presented in Technical Note 1381. 
For isoenergic flows the point mass-flow coefficients 
are conveniently evaluated from easily measured station 
static pressure and total pressure-loss coefficients. The 
charts presented cover a wide range of the determin- 
ing parameters through the complete range of sub- 
sonic Mach numbers. The equations have also been 
evaluated for flows to which mechanical or thermal 
energy has been added, such as in flows behind pro- 
pellers and radiators. 

SUBCOMMITTEE ON VIBRATION AND 
FLUTTER 

With the advent of flight at transonic speeds, prob- 
lems of flutter and of vibration have become increas- 
ingly important and more complex, the emphasis 
placed on this work being reflected in an increase in 
the scope of investigations conducted. The purpose 
of these investigations is to furnish the designer of 
airplanes and missiles with information concerning 
flutter throughout the subsonic, transonic and super- 
sonic speed ranges, and particularly in the transonic 
range in which no theory is fully adequate at present. 

Airfoil Flutter 

At the Ames laboratory flight, wind tunnel, and 
analytical investigations of high-speed flutter 1 have 
been continued with promising results. Additional 
equipment has been developed and perfected for con- 
ducting further research into the interaction of bound- 
ary layer, shock-wave location and travel, and control- 
surface hinge-moments. 

An extensive program of flutter model testing has 
been under way at the Langley laboratory during the 
past year. These investigations were conducted in the 
Langley flutter tunnel for high subsonic Mach num- 
bers and on freely falling bodies and rockets for Mach 
numbers in the transonic . range. The results have 
shown the effects of current trends in wing-planform 
design on the flutter characteristics of wings and 
controls. 

The velocity potential, lift force, moment, and pro- 
pulsive force on a two-dimensional airfoil in a stream 
of periodically varying angle of attack have been de- 
rived on the basis of nonstationary incompressible po- 
tential-flow theory which includes the .effect of the 
continuous sheet of vortices shed from the trailing edge. 
Application of these results was made in an analysis of 
the variation with frequency of the propulsive force on 
an airfoil in an oscillating stream and in analysis of. the 
problem of forced vibrations of an airfoil in an oscillat- 
ing stream with consideration of the stiffness of the 
airfoil and the postion of its torsion axis. It was shown 



REPORT NATIONAL ADVISORY COMMITTEE EOR AERONAUTICS 


that, when the torsion axis of the airfoil is ahead of 
the quarter-chord point, the amplitude of the vibrations 
is generally not large, but when the torsion axis is 
behind the quarter-chord point certain conditions exist 
under which dangerous amplitudes of vibration may 
occur. This work is reported in Technical Note 1372. 

The forces and moments on a two-dimensional air- 
foil executing harmonic motions in a pulsating stream 
have been derived on the basis of nonstationary incom- 
pressible potential flow theory with the inclusion of the 
effect of the continuous sheet of vortices shed from the 
trailing edge. An assumption as to the form of the 
wake is made with a certain degree of approximation. 
A comparison with previous work applicable only to 
the special case of a stationary airfoil is made by means 
of a numerical example, and the excellent agreement ob- 
tained shows that the wake approximation is quite suffi- 
cient. The results obtained are expected to be useful in 
considerations of forced vibrations and flutter of 
rotary-wing aircraft for which the lifting surfaces 
are in air streams of variable velocity. This work is 
reported in Technical Note 1326. 

In Technical Note 1383, a theoretical study, based on 
the linearized equations of motion for small disturb- 
ances, is made of the air forces on wings of general 
plan forms moving forward at a constant supersonic 
speed. The boundary problem is set up for both the 
harmonically oscillating and the steady conditions. 
Two types of boundary conditions are distinguished, 
which are designated “purely supersonic” and “mixed 
supersonic”. The purely supersonic case involved inde- 
pendence of action of the upper and lower surfaces of 
the airfoil, and the analysis is mainly concerned with 
this case. A discussion is first given of the fundamental 
or elementary solution corresponding to a moving 
source. The solutions for the velocity potential are 
then synthesized by means of integration of the funda- 
mental solution for the- moving source. The method is 
illustrated by applications to a number of examples for 
both the steady and the oscillating cases and for various 
plan forms, including swept wings and rectangular and 
triangular plan forms. 

Flutter of Turbine and Compressor Blades 

Flutter problems are not limited to the wings and 
tail surfaces of airplanes but are also encountered by the 
blades of turbines and compressors. Earlier work on 
the effect of lift coefficient on flutter of ducted fans indi- 
cated that a given fan blacbfr would have the maximum 
flutter speed when the aerodynamic center of pressure 
coincided with the blade-section center of gravity. This 
theory indicated that high flutter speeds could be ob- 
tained at the high lift coefficients, if the fan blade sec- 
tions were cambered properly. Tests reported in Tech- 
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nical Note 1330 show that high cambered blades had 
high Sutter speeds at high lift coefficients. 

These tests also showed that the greatest danger of 
flutter for a highly loaded blade occurs at the Mach 
number at which the local velocity on the upper blade 
surface becomes sonic. As the speed was increased be- 
yond the critical Mach number, the flutter disappeared. 

SUBCOMMITTEE ON PROPELLERS FOR 
AIRCRAFT 

The steadily increasing operational speeds of modern 
aircraft have resulted in the need for additional re- 
search on those factors affecting the efficiency of pro- 
pellers at very high speeds. The advent of the gas 
turbine power plant has required that further em- 
phasis be given to such research at this time. 

Propeller Theory 

As a result of an investigation carried on at Langley, 
an isosceles triangle twisted into a screw surface about 
its axis has been proposed as a propeller for transonic 
flight. The purpose of such a design is to obtain the 
drag reduction associated with large sweepback in a 
structurally practicable configuration. A mathemati- 
cal theory for such a propeller, presented in Technical 
Note 1303. indicates a net efficiency of the order of 80 
percent at a Mach number of 1.1. 

The selection of an efficient propeller for applica- 
tion to a light airplane design can be accomplished by 
the use of charts presented in Technical Note 1338. The 
charts are prepared for power values from 50 to 300 
horsepower, airspeeds from 50 to 200 miles per hour, 
propeller diameters from 6 to 10 feet, and blade num- 
bers from 2 to 8 for wide values of propeller rotational 
speed. The application of the results is demonstrated 
by three examples. 

Propeller Experiments 

Tests of an NACA 4-(5) (08)-03 two-blade propel- 
ler have been made in the Langley 8-foot high-speed 
tunnel to extend the Mach number range above that of 
previous tests of this propeller. 

An investigation of two two-blade propellers of very 
high solidity was also carried out in the Langley 8- foot 
high-speed tunnel. 

One means of increasing the power absorption ca- 
pacity of existing blade designs is the addition of trail- 
ing-edge extensions, and a flight investigation was made 
on a P-47D-28 airplane to determine the effects of such 
an extension. 

In connection with its research on the effects of shape 
of propeller shank sections, the NACA has made an in- 
vestigation of the effect of compressibility on the flow 
over thick airfoil sections. 



22 


REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


As part of the overall program of the NACA to re- 
duce the noise produced by aircraft, a review was made 
of the literature available on the effect of distance on 
airplane noise and published as Technical Note 1353. 
This study showed that, for the range of frequency 
radiated from a propeller, atmospheric absorption was 
negligible and that the sound energy could be predicted 
by the inverse square law. In addition, a considerable 
amount of work was done to determine the range of 
practical application of propeller noise theory. This 
work culminated in flight tests of a light airplane 
equipped with a propeller designed to effect large reduc- 
tions in the propeller noise level. A report on these 
flight tests is being prepared. 

The investigation of noise from 2-, 4-, and 7-blade 
propellers, reported in Technical Note 1354, resulted in 
good agreement with the Gutin theory for rotational 
noise in the Mach number range from 0.5 to 0.9. At 
low tip Mach numbers the noise was greater than pre- 
dicted because of the vortex noise of the propeller. 

Charts presented in Technical Note 1358 for deter- 
mining the loudness of light airplane propellers were 
prepared in an effort to aid the designer in the choice 
of a quieter propeller. These charts give the loudness 
level at distances of 300 and l,000_feet for various num- 
bers of blades, propeller diameters, rotational speeds 
and power ranges. These same variables are considered 
in Technical Note 1338 which presents charts for deter- 
mining the efficiency of a light airplane propeller. 

SUBCOMMITTEE ON HELICOPTERS 

The experimental and analytical investigations of 
the fundamental factors that affect the performance, 
flying qualities, and reliability of helicopters have been 
continued during the past year. The object of this 
work was to provide and interpret the fundamental 
information required for proper guidance of heli- 
copter development so that the unique potentialities _ 
of rotary-wing aircraft might be fully realized in res- 
cue, commercial, and military applications. 

Flight Investigations 

The effect of rotor -blade stalling on the power ab- 
sorbed by a rotor was determined in flight and the 
results of the investigation published in Technical 
Note 1250. The flight measurements checked the cal- 
culations made by the weighting curve method in that 
it was found that stalling materially reduces rotor 
efficiency before the . operating limitations due to vi- 
bration and loss of control were reached. It was also 
found that calculation of the operating conditions cor- 
responding to an angle of attack of the retreating 
blade tip of approximately 12° is a useful approach in 
determining the conditions for optimum performance 


of current rotors, as well as in limiting the applica- 
bility of theoretical treatments that omit allowances 
for stalling losses. 

Safety and design considerations make the autoro- 
tative condition important to the helicopter designer 
inasmuch as the helicopter rotor becomes, in effect,, 
an autogiro rotor in the event of power failure. Flight 
tests were_ therefore conducted on a helicopter in the 
autorotative condition and the results published in 
Technical Note 1267. It was found that good agree- 
ment between theoretical and experimental autoro- 
tative performance was obtained and that the same 
theory could satisfactorily predict the performance 
of a rotor in both the power-off and power-on flight 
conditions. The theory could thus be used in ex- 
tending the available rotor data from one condition 
to another. It was shown that significant improve- 
ments in ^gliding performance appear possible with 
improved blade contour and surface condition. 

Basic data on helicopter rotor-blade motion were 
obtained by photographic observations of the behavior 
of a rotor blade in flight. The measurements were 
analyzed by means of existing theory and the results 
published in Technical Note 1266. Values of meas- 
ured flapping, feathering, and in-plane motion were 
compared with theoretical calculations, and agree- 
ment was found good enough to render the theory 
useful in such problems as the estimation of control 
displacement for trim, the determination of the static 
stability of the rotor, and in designing the stop set- 
tings and_ bearing positions of the rotor hub. A basis 
for design of a. simple service torquemeter, consisting 
of a mechanical device for measuring the mean blade- 
drag angle, was suggested by the test results, in that 
the mean drag angle was found to be a simple func- 
tion of the rotor torque and revolutions per minute 
over a wide range of conditions. Data on blade twist- 
ing and distortions imposed by aerodynamic and 
inertia forces in flight, which are essential to stud- 
ies of blade stresses and rotor vibration, were also 
obtained. 

Wind-Tunnel Investigations 

As part of a general helicopter research program in- 
tended to provide designers with fundamental rotor 
information, the forward-flight performance charac- 
teristics of a typical single-rotor helicopter have been 
investigated in the Langley full-scale tunnel. The 
data, which are given in Technical Note 1289, are pre- 
sented in a series of charts which facilitate the rapid 
estimation of the forward-flight performance of heli- 
copter rotors having physical characteristics similar 
to the rotor tested. The results indicate that large 
savings in the power required for flight would result 
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from the use of smooth rotor blades and that addi- 
tional smaller savings in power would result from op- 
eration at lower rotational speeds. 

Blade motions of the PY-2 helicopter rotor have been 
studied in the Langley full-scale tunnel. The flapping 
and feathering motions of the rotor blades were sub- 
jected to harmonic analysis and the Fourier coefficients 
have been summarized in a convenient set of charts 
from which the motions for such a rotor may be readily 
obtained for a range of flight conditions. The theory 
in common use was found to predict accurately the con- 
ing angle and the longitudinal component of the equiv- 
alent flapping: fair agreement for the lateral compon- 
ent of the equivalent flapping, however, requires that 
the theory take into account the fact that the inflow 
across the rotor disk increases from front to rear. 

Analytical Studies 

An extension of previous work on the theory of self- 
excited mechanical oscillations of hinged rotor blades 
has been published. Previously published papers cover 
the cases of three- or more rotor blades on elastic sup- 
ports ( such as landing gear) having equal or unequal 
support stiffness in different directions and the case 
of one or two blade rotors on supports having equal 
stiffness in all horizontal directions. The missing case 
of one or two blades on unequal supports has now been 
treated in Technical Note 1184. This report completes 
the combinations of support elasticity and number of 
blades which the ground-vibration studies have been 
planned to cover. The results show the existence of 
ranges of rotational speed at which instability occurs 
(changed somewhat in position and extent) similar to 
those possessed by the two-blade rotor on equal sup- 
ports. In addition, the existence of an infinite number 
of instability ranges which occurred at low rotor speeds 
and which did not occur in the cases previously treated 
is shown. 

A theory has been developed in preliminary form and 
reported in Wartime Report L-692 which seems capable 
of predicting the aerodynamic instability phenomena 
of a two-blade “see-saw-tvpe" helicopter rotor. In par- 
ticular, the theory indicates the possibility of unstable 
vibrations even with the chorclwise center of mass at 
or ahead of the 25-percent -chord position. The sta- 
bility condition for oscillatory motion is expressed in 
terms of a small number of composite parameters that 
are evaluated from the moments of inertia, angle set- 
tings, and aerodynamic parameters of a blade. Com- 
puted stability results for different coning angle set- 
tings, eenter-of-mass positions, and control-system stiff- 
nesses for one value of blade density and aspect ratio 
are presented in a chart. It is found that, in addition 
to parameters analogous to those occurring in wing- 
flutter theory, the present theory requires the use of a 


parameter that represents an unstabilizing effect due 
to the difference between the moments of inertia in flap- 
ping and in rotation. 

In order to facilitate solutions of the general prob- 
lem of helicopter selection, the aerodynamic perform- 
ance of rotors is presented in Technical Note 1192 in 
the form of charts showing relations between primary 
design and performance variables. By the use of con- 
ventional helicopter theory, certain variables are plot- 
ted and other variables are considered fixed. Charts 
constructed in such a manner show typical results, 
trends, and limits of helicopter performance. Per- 
formance conditions considered include hovering, hori- 
zontal flight, climb, and ceiling. Special problems dis- 
cussed include vertical climb and the use of rotor-speed- 
reduction gears for hovering. 

A tentative list of standard symbols for helicopters 
was prepared in answer to the interest in standardiza- 
tion shown by the armed services and the rotary-wing 
industry. The symbols listed were limited to those 
most generally used in helicopter aerodynamics studies, 
inasmuch as the specialized symbols necessary in vibra- 
tion, stress, and stability work remain to be developed 
and standardized. 

Current Developments 

The XACA helicopter test tower was placed in oper- 
ation. The work done to date is of a preliminary 
nature dealing with the calibration of the tower. The 
tower is 40 feet high and powered with a 1.500 horse- 
power engine. It is instrumented to obtain the average 
aerodynamic rotor forces as well as transient forces. 
The test tower is designed for the purpose of obtaining 
the aerodynamic rotor characteristics for the hovering 
and near-hovering cases and has been located in a rela- 
tively isolated area in order to minimize interference 
effects from other objects. The construction of the 
driving head is such that various types of rotors may 
be used. 

SUBCOMMITTEE ON SEAPLANES 

Aerodynamic Characteristics 

Seaplane research has been directed toward reducing 
the aerodynamic drag of seaplanes without imposing 
penalties on the hydrodynamic characteristics. 

Recent research on seaplane hulls has brought to light 
a number of ways that they may be improved both 
aerodynamically and hydrodynamicaily. These studies 
have indicated that increasing the length-beam ratio in 
such a manner that the hydrodynamic performance 
remained unchanged resulted in smaller frontal area. 
Wind-tunnel tests (Technical Note 1305) verified the 
predicted decrease in drag and showed that no appre- 
ciable change in stability resulted from the increased 
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length-beam ratio. A study of the hull structure indi- 
cated that a favorable reduction in structural weight 
would be expected with an increase in length-beam 
ratio. These trends show that increased performance 
in tlie. form of range, speed, and payload can be expected 
from seaplanes designed with higher length-beam ratio 
hulls. 

Rough Water Characteristics 

In the past the theory of the impact of seaplanes land- 
ing in rough water has been confined to the first impact 
despite the fact that larger loads are often imposed at 
later impacts because of the difficulty of predicting 
mathematically the dynamic behavior and contacting 
conditions during subsequent bouncing. Powered dy- 
namic models have proved a useful tool in determining 
the behavior and impact accelarations during this latter 
phase of the landing. Tests showed that for each sea- 
plane there was a critical wave length which produced 
the maximum impact loads and further that the length 
was independent of wave height. A long afterbody was 
found to materially reduce the maximum impact loads 
encountered during a landing. 

In order to test the validity of an impact theory de- 
veloped by the NACA in recent years (Technical Note 
1325) , single impact tests were made on an approaching 
wave with a prismatic float. The theory was verified 
by agreement between the impact loads obtained from 
this form of float and those computed from the theory. 
The combination of the theory and the dynamic history 
obtained from the dynamic models will lead to a more 
complete understanding of the complex relations be- 
tween the many factors involved in the rough water 
operation of seaplanes. 

Specific Model Tests 

Dynamic models of several flying boats being built, for 
the Navy were tested to provide design information 
and flight handling characteristics before the flight 
tests. Factors investigated during these and other 
general tank tests include the effect of varying the step 
depth, plan form, afterbody keel angle, deadrise, re- 
versed-type longitudinal steps, wing-tip floats, and 
spray strips. These factors increase the understanding 
of hydrodynamic phenomena and provide information 
making possible better seaplane designs. 

SPECIAL SUBCOMMITTEE ON THE UPPER 
ATMOSPHERE 

Standard Atmosphere 

Recent developments in aeronautics and ordnance, 
particularly high-altitude missiles, have demonstrated 
the need for information concerning the characteristics 
of the upper atmosphere. In view of the need for 


standard values on which to compare the performance 
characteristics of aircraft, missiles, and prime movers, 
the NACA, upon recommendation of the Committee 
on Aerodynamics, appointed a Panel on the Upper 
Atmosphere in 1946. This panel recommended ten- 
tative standard values for the atmosphere to altitudes 
of 100.000 feet extending the tables from the limit of 
65,000 feet given in Technical Report No. 218. The 
tentative standard values were adopted by the NACA 
and are published as Technical Note 1120. In April 
1946 this panel was superseded by the Special Sub- 
committee on the Upper Atmosphere. 

The subcommittee has reviewed the limited infor- 
mation available concerning the temperature and com- 
position of the upper atmosphere. On the basis of 
existing data obtained by the use of balloons at alti- 
tudes up to about 125,000 feet and of indirect measure- 
ments obtained at greater heights by various techniques 
such as sound-range and meteor observations, recom- 
mendations regarding temperature-height and com- 
position-height relationships to altitudes of 120 kilo- 
meters (about 400,000 feet) were made by the sub- 
committee... These recommendations cover three arbi- 
trary sets of temperatures: (1) tentative standard 
temperatures, (2) probable minimum temperatures, 
and (3) probable maximum temperatures. 

The recommendations were adopted by the NACA 
and two sets of . tables of the properties of the upper 
atmosphere, in the metric and British systems of units 
and based upon the tentative standard temperatures, 
were prepared by the Langley laboratory and were pub- 
lished as Technical Note 1200. The probable mini- 
mum and probable maximum temperatures have been 
included to indicate the possible range of variation 
of temperature and have proved useful for estimating 
the limits of performance of aircraft and missiles. 

Because the values published in Technical Note 1200 
are tentative and as such are subject to revision after a 
sufficient number of reliable direct measurements are 
available, the Subcommittee is continuing its activ- 
ity until .such time as it may be able to recommend 
with certainty final extensions of the tables of the 
NACA standard atmosphere. 

The subcommittee is continuing to serve as a me- 
dium for the interchange of information on research 
in progress or proposed and also as an advisory body 
for the formulation and coordination of programs 
of research on problems of physics of the upper 
atmosphere. 

PROPULSION RESEARCH 

Propulsion systems for high-speed aircraft have 
introduced many problems which must be thoroughly 
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investigated in order to establish a sound basis for in- 
creasing the power output, efficiency and operating 
life of these systems. Knowledge of a basic nature is 
needed on which to base design of engine components 
and from which to draw a better understanding of 
the processes that take place in the engines. Out- 
standing improvements have been made in weight re- 
duction, in power output, and in operating life be- 
tween engine overhauls, but there is still a need for 
further substantial improvement in these factors. 

The Flight Propulsion Research Laboratory has 
been aided in its program by the Committee on Power 
Plants for Aircraft and its seven subcommittees. For 
the sake of convenience the results of this program 
are presented herein according to committee and sub- 
committee fields of interest. Research has been con- 
ducted by educational institutions under contract to 
the NACA and the results of these researches are 
included. 

As a means of bringing the findings of NACA re- 
search to the aircraft industry with a minimum of de- 
lay, a series of conferences on specific phases of the 
research have been held at the Flight Propulsion Re- 
search Laboratory during the past year. At these 
conferences significant NACA research results were 
presented on compressors, turbines, combustion, ram 
jets, high-temperature materials and means of de-icing 
for aircraft propulsion systems. These conferences 
were attended by representatives of Government 
agencies and Government contractors working in the 
particular field. 

COMMITTEE ON POWER PLANTS FOR 
AIRCRAFT 

Altitude Performance of Gas-Turbine Engines 

An investigation of a turbojet engine incorporating 
an axial-flow compressor was made over a range of 
simulated altitudes and ram-pressure ratios; the effect 
of changes in altitude, ram-pressure ratio, and tail- 
pipe nozzle area on the performance of the engine, 
the compressor, and the turbine were determined. In 
addition, an investigation of a gas turbine propeller 
engine over a wide range of engine speeds, engine 
powers, and altitudes gave information on engine per- 
formance, windmilling characteristics, pressure and 
temperature distributions, and compressor, turbine 
and combustion chamber performance. Analyses have 
been made to enable extrapolation of performance 
data from one altitude to another. To date these 
analyses have shown promise, but have not eliminated 
the necessity of obtain in g complete experimental re- 
sults. 


Ram Jet Engines 

The ram jet engine continues to show promise for 
propulsion at high speeds, and the research is continu- 
ing. An investigation has been conducted on a rec- 
tangular ram jet designed for installation in an air- 
craft wing, and research was also directed at extending 
and improving the performance of the cylindrical ram 
jet configuration. 

Thrust Augmentation of Turbojet Engines 

Means of supplying turbo-jet engines with extra 
power for take-off and for emergency maneuvers are 
still under investigation, and research has continued 
on various methods of thrust augmentation, with a view 
to obtaining further increases in total thrust. 

Engine Cooling 

Experiments have been directed to determine ways 
and means of cooling the inner walls of rocket com- 
bustion chambers and nozzles in order to prolong 
rocket-motor life when propellants of high-energy re- 
lease are used. Experiments have been initiated in 
which quantative heat-transfer data for internal films 
of the sort used to cool rocket motors are being deter- 
mined. 

An investigation of a 12-cylinder liquid cooled re- 
ciprocating engine to determine the effect of engine 
exhaust pressure on cylinder temperatures and heat 
rejections was conducted in connection with investiga- 
tions of compound-engine performance. It was found 
that an increase in exhaust pressure had only a small 
effect on cylinder temperature and heat rejection when 
manifold pressure was held constant, but resulted in ap- 
preciable increase in cylinder temperature and heat 
rejection when engine charge air was held constant. 

In order to check the generality of cooling correla- 
tion methods previously obtained from a 12-cylinder 
liquid-cooled reciprocating engine of 1,710-cubic-inch 
displacement, a similar investigation was conducted 
with a 12-cylinder liquid-cooled engine of 1,050-cubic- 
inch displacement. The coolant-flow distribution, the 
cylinder temperature at various locations in the head 
and the barrel, and the heat rejections to the coolant 
and the oil were determined over wide ranges of all of 
the engine and coolant conditions. The data that have 
been analyzed and correlated indicate trends similar 
to those obtained for the engine of 1,710-cubic-inch dis- 
placement and verify the generality of the correlation 
method. 

Engine Stresses and Vibration 

Among the power plant components that were in- 
vestigated were compressor and turbine disks, compres- 
sor and turbine blades, and shafts supported on three 
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or more journal bearings. A method was developed 
for calculating the stress in disks, which have compli- 
cated physical profiles, variable temperatures, and 
physical properties along the different radii of the 
disks. (See Technical Note 1279.) The method pre- 
viously developed for calculating stresses in disks was 
applied (Technical Note 1334) to a study of the ef- 
fects of temperature distribution and elastic properties 
of materials on gas-turbine-disk stresses. It was found 
that the critical stresses in the rim could be relieved by 
relatively small changes in temperature distribution 
at this location. 

Vibrating blades were investigated (Technical Note 
1204) to determine whether strain gages placed at the 
locations of the high stress as determined under non- 
rotating conditions would indicate with validity the 
highest stresses occurring under operating conditions; 
it was analytically and experimentally shown that they 
would. 

An experimental investigation was made of gas-tur- 
bine-disk stresses due to the different rates of expansion 
of the component parts of the disk. It was shown that 
the use of gas-turbine disks consisting of a central 
region of carbon steel and a rim region of high-tem- 
perature alloy can result in residual tensile stresses, at 
the rim as a result of the lower coefficient of expansion 
of the high-temperature alloy. This tends to aggravate 
the rim-cracking problem. 

Measurement of vibratory stresses in gas-turbine 
blades is reported in Technical Note 1174. It was shown 
that stresses in turbine buckets can be studied by means 
of high-temperature wire-resistance strain gages. ( 

An investigation of the strain rosette, consisting of 
three or more wire strain gages oriented at definite 
angles to each other and ordinarily used to determine 
the complete state of strain in a region of complex 
stress, is reported in Technical Note 1133. It was 
desired in this investigation to determine the effect of 
minor misalinements on the component strain. It was 
analytically and experimentally shown that misaline- 
ments ordinarily expected in such strain rosettes could 
not produce principal errors in many regions of complex 
stress. The error is directly proportional to the shear 
strain.; therefore, such misalinements should be especi- 
ally avoided in fields of pure shear. 

Engine Controls and Auxiliaries 

An investigation was made of the relations between 
spark timing and basic factors in engine operation, 
flame-front travel, and cylinder pressure rise (Techni- 
cal Note 1217) in a reciprocating engine in order to 
determine an effective means of maintaining maximum- 
economy spark timing with varying engine operating 
conditions. Data obtained in this investigation showed 


that maximum-economy spark timing occurred when 
the crank angle of maximum rate of pressure rise was 
3° A. T. C. and that the crank angle of maximum rate 
of pressure rise and the travel of the flame front were 
directly related. 

Methods of accurately dividing the fuel flow to the 
cylinders of the Otto-cycle internal-combustion engine 
have been investigated. A simple and accurate system 
has been, designed, whereby fuel flow is maintained 
constant independently of the resistance of the dis- 
charge nozzles. This system permits considerable lati- 
tude in the choice of fuel nozzles or atomizers. The 
advantages of accurate distribution of fuel include im- 
provements in engine cooling and in specific fuel con- 
sumption. 

Fuel distribution in aircraft gas-turbine type engines 
was investigated for the purpose of improving distri- 
bution characteristics for a I’ange of fuel-flows and in 
particular for low fuel flows. A system was devised 
which gave marked improvement in fuel distribution. 

SUBCOMMITTEE ON AIRCRAFT FUELS AND 
LUBRICANTS 

Effect of Fuel Characteristics on Combustion in a 
Turbojet Engine 

Because of the complexity of the hydrocarbon mix- 
tures used as fuels, for aircraft engines the analytical 
investigations of the components of these mixtures have 
been continued. Knowledge of the exact composition 
of the fuels investigated in combustion research is desir- 
able and also makes it possible for that research to be 
more systematically planned. Several investigations 
have also. been conducted to evaluate the effects of fuel 
volatility and chemical composition of fuels on com- 
bustion efficiencies. These studies have been made at 
simulated altitude conditions in single-combustor in- 
stallations and sea-level conditions in a .full-scale turbo- 
jet engine. As a corollary investigation preliminary 
results have been obtained on the effect of fuel-nozzle 
characteristics on turbojet-combustor performance. 

Rocket Propellants 

Several combinations of liquid rocket propellants 
have been investigated in thrust rating rocket motors. 
Work has been initiated on the development of a fuel 
rating rocket motor for use as a research tool for deter- 
mining the relative performance of various rocket pro- 
pellants. As a preliminary step, an analysis has been 
completed on the relative merits of various combina- 
tions of rocket propellants. The bases of comparison 
are specific impulse and volume specific impulse. The 
handling properties of some of the most promising pro- 
pellants are also being investigated. 
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High Energy Fuels 

Aircraft designed for flight at high speeds have thin 
wings. This feature places a rigid limitation on the 
amount of space available in the airplane for fuel stor- 
age. This restriction on fuel capacity in high-speed 
aircraft suggests the use of fuels having high-energy 
content per unit volume. During the past year an 
investigation of compounds of this type has been initia- 
ted and the first step in this study consisted in calcu- 
lating the heat content for a number of possible com- 
pounds that might be used as fuels. 

Effect of Chemieal Structure of Fuels on Combustion 
Power 

The investigation of the influence of the chemical 
structure of fuels on knock-limited performance of re- 
ciprocating engines was continued. Additional fuels „ 
were prepared (Technical Notes 1163 and 1161) for 
determining the knock-limited power that could be de- 
veloped in order to obtain a complete picture of the 
influence of structure on the engine performance of 
aromatic hydrocarbons, aromatic amines, and ethers. 
Similar investigations are wider way in connection with 
jet-engine combustion research. 

Fuel Knock Sensitivity 

In order to extend further the knowledge of the 
variation of the knock-limited performance of a fuel 
with engine operating conditions, investigations have 
been made of several high-performance fuel blends 
iu single-cylinder engines and in flight. The results 
of these studies show clearly the extent to which fuels 
differ in their responsiveness to changes in engine con- 
ditions. Some operating conditions appear to have 
greater effects than others on the knock-limited per- 
formance of a given fuel. The relative effect of six 
engine variables on the knock-limited performance of 
two fuels is presented in Technical Note HIT, which 
shows the influence of exhaust back pressure on knock- 
limited performance to be an important factor in com- 
pound-engine performance. An investigation of the 
effect of compression ratio and spark advance on 
knock-limited performance and fuel consumption of 
full-scale multi-cylinder engines has shown the ex- 
tent to which an engine using high-performance fuel 
gains in fuel economy when operated at a high com- 
pression ratio. 

Use of Low- Volatility Fuel iu a Reciprocating Engine 

As part of a general investigation of a typical two- 
row radial air-cooled engine used in bomber and trans- 
port type airplanes, an investigation was conducted 
to determine if low-volatility fuel (sometimes called 
safety fuel) could be successfully used in this engine. 


The study was limited to three methods of injecting 
safety fuel. They are an injection impeller, an imping- 
ing-jet nozzle bar, and a standard injection-carburetor 
nozzle bar. The fuels used in this investigation had 
performance ratings and heating values equivalent to 
those of aviation gasoline. The injection impeller 
gave better mixture and temperature distributions, bet- 
ter over-all engine performance, and a lower specific 
fuel consumption when using low volatility fuel than 
did the nozzle bar or the standard nozzle bar. (See 
Technical Note 1413). From the standpoint of fuel 
distribution, power output, and fuel economy engine 
operation using low-volatility fuel was comparable 
with that using gasoline: however, the mixture and 
temperature variations were slightly larger with the 
low-volatility fuel. Cold starting with low-volatility 
fuel requires the use of an auxiliary fuel of a higher 
volatility. 

SUBCOMMITTEE ON COMPRESSORS 

Inducer Impeller 

Investigations have been conducted on various cen- 
trifugal impellers in accordance with a program to 
determine the effect of several variables upon centrif- 
ugal-compressor performance. This program in- 
cluded the investigation of the effects on performance 
of changing the division of work between increase of 
angular velocity and increase of radius of rotation 
in an impeller. Several impellers consisting of radial- 
bladed sections were investigated with the same in- 
ducer section. The results of this investigation showed 
an improvement of 6 to T percent in efficiency at the 
higher tip speeds when the amount of work resulting 
from the angular acceleration was increased with re- 
spect to the work of compression resulting from the 
increased radius of rotation. (See Technical Note 
1216.) 

Blade Loading 

An investigation was conducted on centrifugal im- 
pellers to determine the effect of blade curvature on 
impeller performance. (See Technical Note 1313.) 
Impellers having elliptical, parabolic, and circular 
blade curvatures were investigated. The impeller with 
the elliptical blade curvature had the highest peak 
adiabatic efficiency for equivalent tip speeds below 1,400 
feet per second; the impeller with the parabolic blade 
curvature had the highest peak adiabatic efficiency at 
equivalent tip speeds of 1,400 and 1,600 feet per second. 
The highest maximum specific capacity up to an equiva- 
lent tip speed of 1,500 feet per second was obtained with 
the impeller having a circular blade curvature. 
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Centrifugal Compressor Performance 

Experimental investigations of centrifugal impellers 
over a range of inlet-air temperatures have shown that 
the measured efficiency of the compressor always de- 
teriorated to some extent when the inlet-air tempera- 
tures were reduced. This phenomenon not only pre- 
vented the prediction of compressor performance over 
a range of altitudes, but made the accuracy of the 
results obtained by standard techniques doubtful. An 
investigation to determine the source of this discrep- 
ancy disclosed the fact that the largest part of the 
observed efficiency variations were caused by heat 
transfer between the environment and the compressor 
collector and the outlet pipe. By measuring the out- 
let temperature in the compressor diffuser instead of 
in the outlet pipe, the observed discrepancies were re- 
duced to a neglible value. 

Surging 

The operating range over which a compressor, suit- 
able for gas-turbine-engine application, can deliver 
a stable air flow is limited for maximum flow by the 
occurrence of a sonic velocity in the compressor pas- 
sages and for minimum flow by the compressor surge 
point. When operating at high compressor speeds, 
the maximum flow is very close to the. minimum flow 
and the desired operating conditions of peak efficiency 
and pressure ratio are therefore also very close to 
the surge point. The danger of surging while the 
engine is operating at the point of peak performance 
is then a distinct possibility. 

Experiments have been conducted on three compres- 
sor units to determine the conditions that cause surg- 
ing in compressors and to determine the effect of vari- 
ous installations and operating conditions on the char- 
acter of the velocity and pressure variations occurring 
during surging. (See Technical Note 1213.) In ad- 
dition, a simplified analysis was made to determine how 
instability of flow may occur in a compressor. An ex- 
amination, based on this analysis, was made of several 
possible methods of inhibiting the occurrence of surg- 
ing. A surge inhibitor that recirculated air from the 
compressor discharge to the inlet was investigated. At 
the high speeds, the inhibitor increased the stable op- 
erating range of the compressor, and, in addition, in- 
creased the peak efficiency 5 percent and increased the 
peak pressure ratio 17 percent. 

Diffusers and Scrolls 

A report has been prepared on a method for design- 
ing vaneless diffusers. (See Technical Note 1426.) The 
suitability of a design for a given impeller is deter- 
mined by two design parameters: The ratio of throat 
■width to diffuser-inlet width ; and the rate of area ex- 


pansion through the diffuser. Optimum values of these 
variables for one particular mixed-flow impeller were 
experimentally found to be 0.72 for the throat-to-in- 
let width and 6° for area expansion rate. 

Friction coefficients were determined for three vane- 
less diffusers. (See Technical Note 1311.) Except at 
the diffuser entrance where highly turbulent mixing 
occurs, values for diffuser friction coefficient agreed 
well with the values for turbulent flow in smooth pipes. 
Magnitudes of the friction coefficient at the diffuser en- 
trance. were approximately three times the pipe values. 

Cascade Theory 

A new method has been developed for calculating 
the potential flow in two-dimensional cascades of air- 
foils. (NACA Technical Note 1252.) The method con- 
siders directly the influence on a given airfoil of the 
rest of the cascade and evaluates this interference by a 
rapidly converging iterative process. The calculations 
are very accurate and considerably simpler to perform 
than those of previous methods. The method can also be 
readily adapted to the design of cascades, for desired 
types of airfoil pressure distributions. In order to 
show its use in design, NACA Technical Note 1251 has 
been published giving in detail three examples of the 
design uf thin-airfoil cascades. 

A number of comparisons have been made between 
theoretical and experimental lift coefficients and pres- 
sure distributions on airfoils in cascade in NACA_Tudi- 
nical Note 1375. It was found that the discrepancies 
between theoretical and experimental values are gen- 
erally larger than has been found for isolated airfoils, 
especially when there is a large pressure rise across the 
cascade. Some of the discrepancy has been attributed 
to the characteristically low aspect ratios of the ex- 
perimental cascades. Modifications of the calculation 
procedure., in which the lift coefficient was arbitarily 
forced to duplicate the experimental value, resulted in 
greatly improved agreement between the pressure dis- 
tributions. 

Blade Design 

A blade-element theory for axial-flow compressors 
has been developed and applied to the analysis of the 
effects of basic design variables on compressor perform- 
ance. Charts have been developed that permit rapid 
calculation of a wide variety of design conditions. The 
possible gains in useful operating range obtainable by 
use of adjustable stator blades are easily computed by 
means of the charts. An exact solution of the problem 
of designing an airfoil with a prescribed velocity dis- 
tribution on the suction surface in a given uniform flow 
of a perfect incompressible fluid has been obtained. 
(See Technical Note 1308.) It was found that the ve- 
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locity distribution at any angle of attack other than 
design conditions may be computed from the initial 
data before the solution for the shape is obtained, if 
a solution exists for the prescribed initial data. 

The development of blading for subsonic axial-flow 
compressors was continued. High Mach number cas- 
cade-tunnel tests of the 65-series blade profiles gave 
important information on the high-speed performance 
of those profiles. By showing the maximum operating 
Mach numbers which can be used without serious com- 
pressibility losses, this work permits design for maxi- 
mum stage pressure rise without decrease in efficiency 
due to compressibility effects. Tests of a highly loaded 
Isolated rotor in a low-speed test blower, reported in 
Technical Note 1388, showed that pressure rise per stage 
can be increased with no decrease in efficiency by using 
blades more highly cambered than those given in the 
design charts of Technical Note 1271. 

Pressure Distribution on a Rotating Blade 

A preliminary investigation has been made of the 
pressure distribution about the mean-radius section of 
the rotating blades of a single-stage axial-flow com- 
pressor at a blade Mach number of 0.35. A 24-cell 
pressure-transfer device used in obtaining the pressure 
data is described and the accuracy of these data is 
established by several independent methods. The re- 
sults reported in Technical Note 1189 indicated that 
the maximum suction pressure for the thin low -camber 
rotor blades tested (stagger. 70°, and solidity, 0.86, at 
mean-radius section) was only slightly greater than 
for the isolated airfoil of the same section. The lift- 
curve slope for the rotor blades was much lower than 
that estimated from theoretical calculations for a com- 
parable two-dimensional cascade: this fact indicated 
the necessity of using experimental cascade data to 
determine the blade angle settings. Stalling of the flow 
in the compressor was found to originate at the root 
and tip sections of the blade owing to the effects of 
casing boundary layers, improper blade twist, and large 
clearances. 

Multistage Compressors 

The NACA has investigated the performance of sev- 
eral multistage axial-flow compressor components of 
turbo-jet engines. Complete performance data includ- 
ing interstage survey data were obtained in these in- 
vestigations. 

SUBCOMMITTEE ON TURBINES 

Nomenclature 

The Subco mm ittee on Turbines recognized the need 
for standard turbine symbols to facilitate the ex- 
change of technical information and to provide a basis 


for comparison of results obtained by various investi- 
gators. The Subcommittee has prepared a list of sug- 
gested standard symbols and definitions for turbine 
research and the list will be available shortly as NACA 
Technical Note 1508, Suggested Symbols and Defini- 
tions for Turbines. 

Design and Performance 

In the development of better turbines, an effort is 
being made to devise more reliable turbine-design 
methods. It is highly desirable to develop methods that 
will allow accurate prediction of the efficiency, gas flow, 
and power capacity of the turbine. If adequate methods 
of design are available, the development of turbines 
having the optimum characteristics for a given applica- 
tion will be greatly simplified. A single-stage colcl-air 
experimental turbine is currently in use in an investi- 
gation of a series of blades to determine the effect of 
changes in the turbine-blade shape parameters. 

Of fundamental importance in gas-turbine design 
is a knowledge of the the effect of the Mach number 
and the Reynolds number of the working fluid on the 
turbine performance. Mach number may be studied 
by observing performance variations over a range of 
pressure ratios across the turbine; Reynolds number 
effect appears as turbine-performance variation with 
changes of the turbine-inlet pressure or temperature or 
both. Such an investigation is being conducted using a 
representative gas turbine. 

An investigation has also been conducted on a turbine 
suitable for use as an aircraft accessory drive. A series 
of different nozzle designs were investigated to deter- 
mine the effect of pressure ratio and turbine speed upon 
turbine efficiency. In order to determine the true out- 
put of the nozzle-and-turbine combinations, the power 
losses of the unit due to windage and mechanical fric- 
tion were evaluated. 

Turbine Cooling 

Turbine-cycle analysis has shown that moderate in- 
creases in thermal efficiency and substantial increases in 
engine power would result from increasing turbine- 
inlet temperatures. The rapid deterioration of strength 
of available blade materials at high temperatures 
make it necessary to pay particular attention to cool- 
ing the blades when inlet gas temperatures above 1,500° 
F. are used. In order to explore the possibilities of 
turbine cooling, experimental investigations are being 
conducted as well as analytical studies. Instrumenta- 
tion has been developed for the measurement of turbine- 
rotor temperatures and this instrumentation has been 
used in a flight investigation. (See Technical Note 
1159.) 
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SUBCOMMITTEE ON LUBRICATION, 
FRICTION, AND WEAR 

Sliding Friction 

An experimental investigation that provides funda- 
mental data and information on the effects of high ve- 
locities on friction has been completed. The empirical 
results show that friction decreases appreciably with 
an increase in sliding velocity for both dry and bound- 
ary-lubricated surfaces. The decrease in friction is at- 
tributed to high surface temperatures, which result in 
physical changes in the surface materials, and to the 
formation of chemical compounds on the surfaces. One 
of the chemical compounds was identified as ferrous 
oxide (FeO). The results also indicated the possibility 
of a correlation, under certain conditions only, of fric- 
tion and wear. 

In connection with the problem of the mutual adap- 
tion of rubbing surfaces, the results of electron and 
X-ray diffraction studies of run-in have associated the 
occurrence of specific surface conditions with desirable 
or undesirable running properties of sliders operating 
under steady or changing loads. Results of the investi- 
gations indicated that one of the principal variables 
observed on surfaces that had been run-in was the pres- 
ence of isolated and mixed oxides of iron. By associa- 
tion, it is thought that the presence of ferrous oxide 
(FeO) and ferrosoferric oxide (Fe s 0 4 ) is beneficial 
to slider surfaces and that the . presence of ferric 
oxide (Fe 2 0 3 ) is not beneficial. (See Technical Note 
1432.) An electron-microscope study of run-in sur- 
faces. which indicated physical changes to surfaces of 
sliders as the result of elevated temperatures and high 
surface pressures, is described in Technical Note 1132. 

As another phase of this problem a study of metal 
transfer was conducted by the Massachusetts Institute 
of Technology under contract to the NACA. This 
study was made possible by a technique employing 
radioactive materials, made available through the co- 
operation of the Atomic Energy Commission, as a 
means of quantitively measuring metal transfer. The 
results, showed that metal is more readily transferred 
from a soft steel to a hard steel than the reverse. 
Nitrified and chromium plated surfaces were also 
studied. (See Technical Note 13_55.) 

Fretting Corrosion 

The term fretting corrosion is generally applied to 
the corrosion phenomena observed at the contact sur- 
faces of machine parts subject to vibration. Fretting 
corrosion damage appears to be worse, other things be- 
ing equal, the better the original fit of the surfaces. For 
this reason the fretting corrosion problem has been par- 


ticularly troublesome in the aircraft industry where 
dimensional tolerances are small. An investigation of 
this problem was conducted at the Massachusetts In- 
stitute of Technology under contract to the NACA. 
The results indicate that chemical action between the 
surfaces is of primary importance and that oxide films 
give no protection but rather increase the rate of fret- 
ting. Most metal oxides are extremely hard, so when 
trapped between the vibrating surfaces they act as 
abrasives. The rate of wear under fretting conditions 
is determined by the relative hardness of the oxides and 
parent metals. 

Lubrication 

A preliminary investigation of lubrication with 
so-called extreme-pressure additives is being conducted 
and a study of the reactions with steel of compounds 
containing chemical groups used in these lubricant ad- 
ditives has been completed. (See Technical Note 120T.) 
The products formed by chemical reaction at elevated 
temperatures were analyzed by reflection electron dif- 
fraction. and the additive reactivities were in agree- 
ment with predictions based on knowledge ofLthe chemi- 
cal reactivity of the groups and linkages studied. The 
compound formation observed in the investigation sup- 
ported the theory of boundary lubricant additive ac- 
tion, which states that additives form compounds of low 
shear strength at metal surfaces and prevent seizure 
when no fluid film is present. 

Bearings 

The results of an investigation of load capacity of 
aluminum-alloy bearings as determined under rotating 
loads are reported in Technical Note 1108. All the al- 
loys had a load capacity in excess of 6,000 pounds per 
square inch. It was shown that these alloys are sus- 
ceptible to sudden seizure and that chemical composi- 
tion, particularly with respect to iron content, is one 
of the most critical variables. 

SUBCOMMITTEE ON COMBUSTION 

Effect of Operating Variables on Performance of 

Gas-Turbine Combustors 

Investigations have been continued to evaluate the 
performance of various gas-turbine combustors as in- 
fluenced by the operating variables or inlet conditions, 
of the combustors. Generalized information on the 
effect ofr inlet-air temperature, pressure, and velocity 
and fuel-air ratio on combustion efficiency and alti- 
tude operational limits was obtained in a sufficient Vari- 
ety of combustors so that a fairly complete and com- 
prehensive picture of this phase of combustion research 
has been obtained. 

On typical aircraft gas turbines the turbine entrance 
conditions are dependent on combustion chamber exit 
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conditions. In tlie interest of obtaining favorable tur- 
bine operation, the pressure drop through the combustor 
should be low, the temperature and velocity profiles 
at the combustor outlet should be as even, as possible, 
and afterburning should be kept to a minimum. The 
effects of the operating variables on these combustor 
performance characteristics as well as on fuel-injection 
characteristics and the condition of the combustion 
chamber liners were investigated. This knowledge pro- 
vides the basis for research and development on gas- 
turbine combustors. The results of one of these inves- 
tigations is reported in Technical Note 1357. 

Effect of Design on Gas-Turbine Combustor Per- 
formance 

The performance of several gas turbine combustion 
chambers was investigated for the purpose of determin- 
ing the effect of the design geometry on combustor per- 
formance and characteristics. The design variables 
considered were shape of cross section, area of cross 
section, length or length-to-diameter ratio, and shape 
and secondary air-inlet spacing of the combustion 
chamber flame tube or basket. The characteristics ob- 
served were stability of operation, combustion efficiency, 
temperature distribution at the combustor outlet, pres- 
sure drop, size and weight, ease of ignition, and carbon 
formation. 

Combustion in the Primary Zone of a Gas-Turbine 
Combustor 

The unique requirement of aircraft gas-turbine com- 
bustors to release a great amount of heat in a small 
space and in a short time presents a difficult problem in 
the technique of establishing stable, efficient flames. 
Consequently, an attempt was made to isolate the com- 
bustion process in the primary or burning zone of a gao- 
turbine combustor for separate study by means of a 
2-inch-diameter experimental burner. The effect on 
performance of various methods of introducing turbu- 
lence in the primary zone, as well as the effect of the 
inlet-air conditions, was determined. The performance 
eriterions examined were combustion stability, flame 
length, and combustion efficiency. Because air turbu- 
lence is one of the important factors in achieving effi- 
cient and stable combustion at unusually high rates of 
energy release, the effect of turbulence on combustion 
has been receiving further intensive experimental study. 
One part of the general program on this topic that was 
completed is a series of experiments on the stability of 
bunsen-type flames with turbulent flow. This work is 
reported in Technical Note 1234. 

General Combustion Studies 

Concurrent with other research on ram jets an ex- 
ploratory investigation of the effect of operating vari- 


ables, or inlet conditions, on the performance of a ram 
jet was made. As another aspect of the basic problem 
of converting heat energy to useful thrust, preliminary 
investigations have been made of fundamental behavior 
of combustion under high pressure conditions in a 
liquid-fuel rocket. The problems of ignition of rocket 
engines have been investigated for the various propel- 
lant combinations. 

A motion picture camera that will take photographs 
at the rate of 400,000 frames per second was developed to 
record combustion phenomena such as autoignition, pre- 
ignition, and knock in the reciprocating engine. (See 
Technical Note 1405.) High-speed photography tech- 
niques are also being employed to study combustion in 
turbojet, ram jet and rocket engines. 

Calculations for the performance of ram-jets, rock- 
ets, or other propulsion devices where the tempera- 
tures encountered in combustion are sufficiently high 
to induce dissociation are extremely laborious. As 
an aid to such calculations, charts for determining the 
reaction temperature and gas composition for fuel-oxi- 
dant mixtures having the elements carbon, hydrogen, 
oxygen, and nitrogen in the temperature range from 
3,G00° to 9,000° R. were compiled including dissocia- 
tion effects. 

The study of the theory of combustion-chamber 
pressure losses and the applications of this theory to 
the analysis of the performance of turbo-jet engine 
combustion chambers and to the determination of gas 
temperatures in ram jet nozzles by means of pressure 
measurements was continued. Technical Note 11SQ 
presents some of the results of this study. 

Nomenclature 

The Subcommittee on Combustion recognized the 
need for standard combustion symbols to facilitate the 
exchange of technical information and to provide a 
basis for comparison of results obtained by various 
investigators. They have prepared a list of suggested 
standard symbols for combustion research. This list, 
entitled “Proposed Symbols for Combustion Research,” 
has been distributed to persons in industry and in uni- 
versities concerned with combustion problems, and will 
be available as Technical Note 1507. 

SUBCOMMITTEE ON HEAT-RESISTING 
MATERIALS 

Theory of Solids 

The fatigue type of failure, has been successfully 
analyzed by the use of rate-process and dislocation 
theory, and the endurance limit of materials at room 
temperature has consequently been determined in 
parameters defined in terms of -the physical properties 
of materials. A relation has been established between 
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the creep and fatigue mechanisms of failure. A qualita- 
tive analogy of the dislocation process has been set up 
utilizing a lattice composed of bubbles, and the result- 
ant action under stress has been studied by motion pic- 
tures. The NACA method of analysis of stress-rup- 
ture failures was successfully applied to four high- 
temperature alloys of gas-turbine significance. 

Crystal Structure and Phase Relations 

The crystal structures of sis representative cast 
heat-resisting alloys have been determined by X-ray 
diffraction methods. The main phase of each alloy 
was found to be of face-cubic symmetry and the values 
of the lattice parameters ranged from 3.5525 to 3.5662 
A. The possible phase changes with temperature of 
10 wrought high-temperature alloys were investigated 
by means of an elevated temperature X-ray diffrac- 
tion unit, by a dilatometer, and by hardness measure- 
ments. Only the chromium-nickel base alloy 19-9W- 
Mo manifested a discernible phase transition at tem- 
peratures up to 1,800° F. In an attempt to better 
understand the mechanisms of failure a study was 
made of the effects of alpha and gamma radiation on 
an aluminum alloy. With sources of 100-millicuries 
strength, no discernible effects were noted in the ele- 
vated temperature creep properties or the age harden- 
able characteristics at low and room temperatures. 

Evaluation of Alloys 

Contract research at the University of Michigan has 
been continued in this field. Turbine disk forgings 
have been investigated and their physical properties 
reported in Technical Note 1230, and other reports to 
be available shortly. This same investigation has pro- 
duced results on high-temperature properties of several 
sheet materials and cast materials. (See Technical 
Notes 1465, 1314, and 1380.) All of the results show 
that the effects of heat treatment and other processing 
variables can influence the physical properties of the 
alloys more than changes in composition. Creep and 
stress rupture data are presented for the alloys at one 
or more temperatures between 1,200° F. and 1,800° F. 

Ceramics 

A combustion chamber lined with ceramic material 
supplied by the National Bureau of Standards showed 
excellent refractory properties in arrange of tempera- 
tures of combustion up to nearly the stoichiometric 
temperature of gasoline and air. Linings of this type 
are one means of increasing combustion chamber life. 
Coatings have also been found effective in protecting 
molybdenum metal instrument probes in ram-jet en- 
gines. Despite molybdenum’s high melting point of 


approximately 4,700° F. it cannot be used at elevated 
temperatures without protection from oxidation. 

In the investigation of materials for use at. elevated 
temperatures in gas turbines, an experimental investi- 
gation of the tensile properties of a sillimanite refrac- 
tory material was made (Technical Note 1165) . It was 
found that the strength-density ratio of this material 
compared very favorably with that of high-temperature 
metals. It was also found that the tensile strength of 
thamaterial actually increased at high temperature and 
that the tensile strength at low temperature was im- 
proved by heat transfer. Because of these encouraging 
results, turbine blades were constructed of a similar 
material of a sillimanite base and were mounted in a 
specially constructed turbine wheel for investigation 
under operating conditions. Successful operation was 
obtained up to a gas temperature of 1,725° F. and a tip 
speed of 520 feet per second (Technical Note_1399) . 

Research performed for the NACA at the National 
Bureau of Standards produced some interesting ele- 
vated temperature properties for several ceramic bodies. 
On the basis of strength-weight ratio these bodies com- 
pared favorably with alloys and, in fact, were superior 
as the temperatures approached 2,000° F. 

SUBCOMMITTEE ON PROPULSION 
SYSTEMS 

Comparative Performance of Several Engine Cycles 

An analysis was made to determine the relative per- 
formance characteristics of the compound engine, the 
turbine-propeller engine, the turbojet engine, the turbo- 
ram-jet engine, the ram jet engine, and the rocket en- 
gine. The theoretical investigation included a com- 
parison at both subsonic and supersonic flight speeds of 
the load-range characteristics of aircraft powered with 
these engine types. It is shown that the compound 
engine, which has the greatest weight per unit thrust 
and also the lowest specific fuel consumption, gives the 
longest range. As the speed is increased, the increased 
engine weight seriously reduces the disposable load that 
the airplane is capable of carrying and hence decreases 
the range! As the speed is increased it is therefore 
necessary to progress to engine types that provide suc- 
cessfully greater thrust per unit weight generally at the 
cost of an increased specific fuel consumption and hence 
decreased range. The results of this study are reported 
in Technical Note 1349. 

Compound Engine 

The. compound engine, which generally consists of a 
reciprocating engine in combination with one or more 
exhaust-gas turbines appears more efficient than the 
conventional geared or turbo-supercharged engines. 
Analyses have been made (based on experimental data 
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obtained in studies of component performance) of vari- 
ous types of compound power plant over wide ranges of 
engine and flight operating conditions. The analyses 
have considered power plants utilizing turbines of the 
conventional steady -flow type and the intermittent-flow 
(blow-down) type. 

Exhaust Process Analysis 

Changes in exhaust-valve design and engine operat- 
ing conditions affect the exhaust process of the recipro- 
cating engine. An effective exhaust process is particu- 
larly important when consideration is given to com- 
pounding reciprocating engines with exhaust-gas tur- 
bines. An analysis of the factors that affect the exhaust 
process of a four-stroke-cycle reciprocating engine was 
made (Technical Note 1242) in order to provide means 
of evaluating exhaust-valve-design changes or variation 
in engine operating conditions as a means of improving 
the exhaust process. The analysis permits the estima- 
tion of the exhaust pressure near the end of the exhaust 
stroke. This estimated cylinder pressure is indicative 
of the adequacy of the exhaust-valve size and timing. 

Experimental investigations of the effect of exhaust 
pressure on the performance of several reciprocating 
engines have been completed, and satisfactory methods 
of correlating the data have been found. The results 
show that, in general, an increase in exhaust pressure 
results in a decrease in engine power and charge-air 
flow becomes greater as the valve overlap is increased. 
The results of the investigations have been reported in 
Technical Notes 1220, 1232, and 1367. 

Jet Propeller 

A theoretical analysis has been made of a propeller 
powered by gas jets issuing from the tips of the blades. 
In the propeller considered, air is drawn through the 
hub and passes through the hollow blades to the tips 
where burners heat the air and expel it through tangen- 
tial nozzles in the blade tips. 

A jet-operated propeller would be very light as com- 
pared with the conventional reciprocating engine and 
propeller. Analysis shows, however, that the fuel con- 
sumption would be several times as great. (See Tech- 
nical Note 1155.) The practical application of a jet- 
operated propeller depends therefore on the saving in 
weight and simplicity of manufacture compensating 
for the high fuel consumption. 

AIRFRAME CONSTRUCTION 
RESEARCH 

COMMITTEE ON AIRCRAFT 
CONSTRUCTION 

The NACA research program on airframe construc- 
tion has been conducted by the Langley Memorial Aero- 


nautical Laboratory and supplemented by a consider- 
able number of research contracts with universities and 
other non-profit scientific organizations. The increas- 
ing flight speeds have introduced numerous new prob- 
lems in this field, and it has become necessary to review 
constantly the research program so as to take full ad- 
vantage of all new developments. During the past year 
the Committee on Aircraft Construction has aided the 
NACA in this review and in the establishment of an 
adequate program. The results of this program are 
presented herein according to subcommittee fields of 
interest. 

SUBCOMMITTEE ON AIRCRAFT 
STRUCTURAL DESIGN 

With the increasing speed of aircraft, the aerody- 
namic and performance requirements of the airplane 
are tending more and more to influence the structure 
of the airplane. The wing must be thin to minimize 
drag and control difficulties, and it must have high 
torsional stiffness to prevent flutter and to maintain 
effective control. These aerodynamic and perform- 
ance requirements result in a wing structure with a 
relatively thick skin, and methods must be found to 
utilize this thick skin as efficiently as possible so as not 
to increase the weight unnesessarily. 

With the increasing size of aircraft, the flexibility 
of the structure becomes of importance even though 
the airplane may not be of an extremely high speed 
type. The more flexible the structure, the greater 
will be the deformation under given loads. The de- 
formation may affect not only the aerodynamic char- 
acteristics, but also the distribution of stresses. It is 
therefore desirable that these deformations be limited 
where possible, and that methods be available for the 
accurate calculation of their magnitude. With an 
accurate knowledge of the deformations, then proper 
account can be taken in both aerodnamic and structural 
calculations. 

The Langley Memorial Aeronautial Laboratory has 
been actively engaged during the past year studying 
the structural problems of high-speed aircraft. Re- 
search has also continued on the study of stiffened thin- 
skin construction, although at a decreased rate of effort 
because the problems of stiffened thin-skin design have 
been extensively treated as compared to some of the 
problems introduced by the higher flight speeds. In 
addition to these two major fields of effort, numerous 
individual problems which effectively contribute to. the 
efficient design of aircraft structures, have been studied. 
Some of these individual problems are sufficiently basic 
to be applicable to either high- or low-speed flight. 
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Wing Stiffness of High-Speed Aircraft 

The wings of high-speed aircraft are subject not only 
to strength but also to certain stiffness requirements, 
for the wing stiffness affects the flutter speed, the ail- 
eron effectiveness, the divergence speed, and other char- 
acteristics. The conventional methods of beam analy- 
sis yield stiffness results of uncertain accuracy be- 
cause of the effects of cut-outs, shear lag, and restrained 
cross-sectional warping. Relatively refined stress 
theories have been developed for the stress anatysis 
of such wings, and these theories have now been ap- 
plied to permit a more accurate determination of the 
wing stiffness. Bending as well as torsional deflec- 
tions are considered for wings without or with cut- 
outs (Technical Note 1361). 

Minimum- Weight Design of Mulfiweb Wings 

Because of the small thickness of thin high-speed 
wings, some designers are considering the use of a 
type of construction that employs a number of shear 
webs with no intermediate stiffening of the skin (mul- 
tiweb wing). Accordingly, a method was developed 
for the determination of the buckling stress of a mul- 
tiweb wing in bending : and design charts based on this 
method were developed for the minimum-weight de- 
sign of multiweb wings of 24S-T aluminum alloy 
sheet, extruded 75S-T aluminum alloy, and extruded 
O-lHTA magnesium alloy. These charts will be help- 
ful in designing wings of the multiweb type for a wide 
range of design requirements (Technical Note 1323) . 

Buckling of Curved Plates and Shells 

The current emphasis on aircraft designed for very 
high speed has required the use of thin wings with 
thick skins and relatively few stiffening elements. In 
such construction a very large percentage of the load 
is carried by the skin, and thus ability to predict ac- 
curately the behavior of the skin, under load has become 
very important. As a part of the program designed 
to fill this need, an investigation was initiated to pro- 
vide the designer with more information on the buck- 
ling strength of curved sheet than had been available 
in the past. This investigation was primarily theo- 
retical, making use of a new approach to the problem 
of determining the buckling loads of curved plates and 
cylinders tinder simple or combined stresses with various 
edge conditions. All theoretically computed results 
were checked against the available experimental data, 
and where necessary semi-empirical corrections were 
introduced for use in design. The results of the investi- 
gation are embodied in curves convenient for practical 
use in a series of eight NACA Technical Notes 
(Technical Notes 1341 to 1348). 


Swept Wings 

For some very high speed aircraft the wings are 
swept back in order to delay the effects of compressi- 
bility. This change in the wing structure introduces 
different stress distributions from those that would 
occur in a conventional wing structure, especially near 
the root of the wing, and present methods of stress 
analysis. are therefore not adequate. An experimental 
investigation of the stress distribution in a swept back 
box beam under bending and torsional loads has been 
conducted. 

Vibration and Flutter of Wing Structures 

A knowledge of the vibration characteristics of air- 
craft structures is of fundamental importance to an 
understanding of the action of the structures under 
suddenly impressed loads. Most of the existing 
methods for determining the coupled modes and 
frequencies of airplane wings are lengthy and cumber- 
some to apply. Also, the methods have been developed 
for the nonswept wing, and cannot, in general, be ap- 
plied to the swept wing. A study was therefore made 
with the view of developing a method which was quick 
to apply, easily understood, and which would apply to 
the swept wing. Such a solution has been found 
through use of the energy method in conjunction with 
power series. The important features of the method 
are that the nonswept wing is covered (the case of zero 
sweep) and that most types of vibration, either canti- 
lever or free-free, uncoupled as well as. coupled, can be 
found directly from the same set of characteristic 
equations. 

Sandwich Panels 

A type of construction that is of considerable interest 
at the present time is sandwich construction, that is, a 
low density core material with a high density layer of 
material on either side of the core. The high density 
material may be either plywood or metal. A panel 
made by this construction has the advantage of being 
very stiff for a given weight of panel because the load 
carrying material is displaced at a distance. from the 
neutral axis of the panel. This type of construction 
may have considerable advantage in applications where 
stiffness is most important. A theoretical study of the 
buckling of sandwich panels has been made and a gen- 
eral small deflection theory for flat elastic sandwich 
plates has been developed. 

An investigation of sandwich-type shells -has also 
been conducted by the Massachusetts Institute of Tech- 
nology under the Committee’s sponsorship. The in- 
vestigation has resulted in the development of a theory 
for small bending and stretching of sandwich-type 
shells, including the effect of transverse shear deform a- 
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tion and the effect of transverse normal stress deforma- 
tion. 

Skin-Stiffened Panels 

A significant contribution during the past year has 
been the development of a new type of design chart 
which eliminates the laborious computations heretofore 
necessary to find the most efficient design of a longi- 
tudinally stiffened wing compression panel. Charts 
of this type for several stiffener sections and materials 
have been developed (Technical Note 1389). 

A study to understand better the buckling action of 
Z-stiffened panels where the flange width of the 
Z-stiffener is small as compared to the web width has 
been conducted. This study was conducted on lipped 
Z-oolumns. since the physical action taking place dur- 
ing the failure of a lipped Z-column is similar to the 
action taking place during failure of a Z-stiffened 
panel. This study resulted in a theory which is in good 
agreement with experiment (Technical Note 1335). 

A survey of the problem of the flat plate under nor- 
mal pressure has been conducted, with the purpose of ex- 
tracting from the literature as much useful information 
as possible for the aircraft designer. The survey in- 
cluded a general discussion of the flat plate under nor- 
mal pressure, a discussion of existing solutions, consoli- 
dation of previous work into design data, and a review 
of the stiffened flat-plate problem. This survey was 
conducted by the California Institute of Technology 
under the Committee’s sponsorship. 

An investigation has been conducted by Brown Uni- 
versity under sponsorship of the Committee on the 
bending of rectangular plates with large deflections. 
The theoretical analysis includes membrane stresses 
of curvature which were usually neglected in the clas- 
sical theory of bending of thin elastic plates under 
lateral loads. Specific problems of uniformly loaded 
plates with boundary conditions which approximate 
the riveted sheet-stringer panels were solved. 

When thick plate is used in aircraft structures the 
stresses may be so high that buckling of the plate will 
occur under plastic conditions. Consequently, as thicker 
plate is being considered for high speed aircraft, the 
plastic buckling of the plate is becoming of considerable 
importance. An investigation has been conducted by 
Brown University under the Committee’s sponsorship 
on the plastic buckling of a rectangular plate under edge 
thrusts. The fundamental equations were developed on 
the basis of a new set of stress-strain relations for the 
behavior of a metal in the plastic range. The equation 
for the buckling of a simply compressed plate together 
with typical boundary conditions was developed and the 
results applied to calculating the buckling loads of vari- 
ous sections. 

When a cut-out is made in the sheet elements of an 


airplane structure, the interrupted stresses are forced 
to detour around the opening. As a consequence 
there is a concentration of stress near the edges oi the 
cut-out requiring that a reinforcement be added. Dur- 
ing the past year research has been completed on the 
reinforcement of rectangular and circular cut-outs in 
flat panels. In the case of rectangular cut-outs (Tech- 
nical Note 1176) three types of coaming stringer were 
used : without reinforcement, with riveted reinforce- 
ment, or with integral reinforcement. It was found 
that the measured strains, which are proportional to 
stress, were in good agreement with a previously pub- 
lished theory for cut-outs with unreinforced coaming 
stringers. 

In the case of circular cut-outs (Technical Note 
1241) strain surveys were made aroimd four reinforced 
cut-outs in an axially loaded tension panel. The re- 
sults obtained showed the distribution of stringer and 
shear stresses in the panel and bending stresses in the 
reinforcing rings. From these results empirical 
methods were derived for estimating the maximum 
stringer stresses .in the panel and for approximating 
the longitudinal stresses in the stringers and rings at 
the transverse center line of the cut-outs. 

A study of reinforcement rings and frames in plane 
and curved sheet has been sponsored by the Committee 
at the Brooklyn Polytechnic Institute. The particu- 
lar problem treated was the arrangement, by an in- 
verse method, of the reinforcement in such a way that 
it was as nearly as possible equivalent to the part of 
the structure which had been cut out. Both circular 
cutouts in plane sheets and rectangular cutouts in 
thin-walled cylindrical shells were treated. 

When a load is applied along the flange at the edge 
of a flat stiffened panel, some of the load is transmitted 
to the various stiffeners by the sheet, which is placed 
in shear by the action. An electrical computer has 
been constructed for the solution of this type problem, 
based on an electrical analogy. Several shear-lag and 
bolted-joint problems have been solved analytically 
and also by use of the computer (Technical Note 1281) . 

Diagonal Tension in Beam Webs 

The shear webs inside of wings are often of the in- 
complete diagonal tension type. During the past year 
a previously published method for strength analysis for 
this type of beam has been revised, extended, and pub- 
lished. From this study a set of formulas and graphs 
covering all aspects of strength anlaysis were worked 
out, experimental data were obtained and the accuracy 
of the formulas were compared with the data. Revi- 
sions of some formulas have resulted in improved agree- 
ment with experimental stresses and with more rigorous 
theory, particularly with low ratios of applied shear 
to buckling shear. The scope of the experimental evi- 
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dence lias been greatly increased, compared with pre- 
vious work on this problem (Technical Note 1364). 

As one part of the study of incomplete diagonal ten- 
sion beams, strength tests were made of a number of 
24S-T and Alclad 75S-T aluminum alloy shear webs 
to determine the effect of rivet or bolt holes on the shear 
strength. Data were obtained for webs which ap- 
proached a condition of pure shear stress as well as 
for webs with well-developed diagonal tension. This 
study indicated that at the ultimate load the shear 
stresses on the cross section were nearly constant for all 
values of the rivet factor investigated if the other prop- 
erties of the web were not changed (Technical Note 
1177). “ : 

The engineering theory of incomplete diagonal ten- 
sion in plane webs has been generalized in order to 
make it applicable to curved webs. Comparisons were 
made between calculated and experimental results for 
a number of stiffened cylinders subjected to torsional 
loads and the results show that theory predicts the 
stresses to about the same accuracy for curved webs 
as for plane webs. The failing stresses in the stringers 
in curved webs were predicted conservatively in all 
cases. 

Stiffened Shells 

Experimental data on stresses in reinforced circular 
cylinders obtained during the war indicated the inade- 
quacy of the elementary theory of bending and torsion 
when applied to the relatively flexible shell structures 
used in airframe construction. The best theories pre- 
sented became tedious and unwieldy when extended to 
nonuniform cylinders. Study of the problem led to 
the development of a recurrence formula for the stress 
analysis of reinforced circular cylinders loaded in the 
planes of their rings. In contrast to the elementary 
engineering analysis, deformation of rings and sheet 
were considered. The recurrence formula method en- 
ables the stress analyst to find the shear flows and direct 
stresses in the sheet, as well as the shear forces, axial 
forces, and bending moments in the rings. 

In order to reduce the amount of computation in- 
volved in the stress analysis of relatively long reinforced 
cylinders an approximate method of analysis was de- 
veloped. This approximate solution is suitable for the 
stress analysis of cylinders loaded at rings located two 
or more bays from external restraints (Technical Note 
1219). 

Additional work on this subject led to the develop- 
ment of charts for stress analysis of a reinforced cir- 
cular cylinder. These charts facilitate the determina- 
tion of the shear flows and direct stresses in the sheet 
of the cylinder as well as the shear forces, axial forces, 
and bending moments in the rings. Separate charts 
were prepared for each of three, basic loading condi- 


tions ; a concentrated radial load, a concentrated tangen- 
tial load, and a concentrated bending moment (Tech- 
nical Note 1310) . 

With the increasing size of aircraft fuselages, a prob- 
lem that has become important is that of the general 
instability failure. In this type of failure, the skin, 
stiffeners and reinforcing rings fail simultaneously. 
Consequently, it is important to be able to predict when 
a general instability failure may occur. Research has 
been conducted on this subject for a number of years 
with significant results being obtained : However, the 
problem has not as yet been adequately solved. Dur- 
ing the past year an investigation was conducted under 
a research contract with the Brooklyn Polytechnic In- 
stitute on the general instability of monocoque cyl- 
inders, and resulted in a revised strain energy theory 
to assume a more general deflected shape at buckling. 
The theory was applied to four test cylinders with 
reasonable accuracy. 

An experimental investigation was also conducted by 
the Brooklyn Polytechnic Institute on 18 cylinders with 
various skin thicknesses loaded under pure bending. 
The purpose of this investigation was to establish the 
critical value of a design parameter, above which fail- 
ure would occur by general instability, and below which 
it would not occur by general instability. 

The Brooklyn Polytechnic Institute has also investi- 
gated, under the Committee’s sponsorship, the stresses 
in and the general instability of monocoque cylinders 
with cut-outs. A number of cylinders have been pre- 
pared and tested, and methods have been developed for 
the ealulation of the stresses in the cylinders. 

Investigations have been conducted at both Brooklyn 
Polytechnic Institute and University of Michigan on 
methods of stress analysis for fuselage rings. 

Box Beams 

The basic load carrying structure of many aircraft 
wings is a box of approximately rectangular cross sec- 
tion consisting of the front and rear spars and the top 
and bottom skins of the wing. This box is stressed 
by both bending and torsional loads. In the case of tor- 
sional loading the determination of the stress distribu- 
tion in the box is a relatively simple problem, provided 
that the cross section of the box is not constrained in any 
manner against warping. In this case the Bredt for- 
mula for thin-walled torsion tubes is applicable. If 
some restraint is offered to warping as is always the 
case near the root of a wing, a set of secondary stresses 
is introduced in the box. In order to study the effect 
of wing taper on these secondary stresses, a special in- 
vestigation was undertaken. Recurrence formulas were 
developed for use in calculating these secondary stresses 
and the results obtained by this method of computation 
have been compared with experimental data from tests 
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performed on tapered box beams. The results show 
good agreement between experimental and calculated 
values (Technical Note 1297). 

SUBCOMMITTEE ON AIRCRAFT METALS 

The majority of the research in the field of metals for 
airframe use has been carried out by research contracts 
with universities and other nonprofit scientific organi- 
zations. This research has complemented the program 
on materials for power plants discussed earlier. 

Magnesium-Cerium Forging Alloys 

While magnesium-cerium forging alloys have not 
been widely used in the past, they have been investi- 
gated experimentally, and the available data indicated 
that these alloys in the wrought condition possess an 
unusual combination of low density and relatively high 
mechanical properties for elevated temperature service 
up to as least 600° F. An investigation has been con- 
ducted under a research contract with Battelle Memo- 
rial Institute to improve the elevated temperature ten- 
sile properties and resistance to creep of these alloys. 
A large number of experimental compositions have 
been prepared by adding various alloying elements to 
the magnesium-cerium base, and from them the rela- 
tive benefits of the alloying elements have been deter- 
mined. 

Effects of Corrosion 

The United States Air Force, the Bureau of Aero- 
nautics and the NACA sponsored a cooperative pro- 
gram at the National Bureau of Standards on the ef- 
fects of salt water and atmospheric exposure on the cor- 
rosion rate of aircraft structural alloys. This program 
has been quite extensive and has extended over a num- 
ber of years, with significant results being obtained as 
the program progressed. That phase of the program 
on the exposure of spotwelded aluminum alloy panels 
has been completed and includes the results of tests of 
191 panels some of which were exposed to the weather 
and in the tidewater for periods up to 36 months. This 
work has proved particularly valuable in preparing 
specifications for protection and care of aircraft struc- 
tures. 

Fracture of Metals 

Investigations leading to knowledge of the condi- 
tions under which metals will fracture have broad 
scientific and engineering interest. The importance 
of this subject to aircraft designers stems from two 
objectives: (T) To design parts that will not fracture 
during fabrication; (2) to design aircraft structures 
that will not fracture in service. As higher strength 
materials are used in order to provide lighter weight 
structures, it becomes increasingly important to have 
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detailed knowledge of the factors affecting their frac- 
ture strength, and a number of investigations on this 
subject have been completed during the past year. 

The effects of circumferential notches on the frac- 
tiuing characteristics of tensile test bars of 24S-T 
aluminum alloy were investigated by the Case Insti- 
tute of Technology. Two variations in notch contour, 
that is notch radius and notch depth, were studied. 
The fracture stress for mildly notched bars was found 
to increase with increasing transverse tension, or in- 
creasing triaxiality, while the ductility decreased cor- 
respondingly. The effects of triaxial stress states, 
produced by circumferential V-type notches, on the 
fracturing characteristics of 24S-T, 75S-T, and 24S- 
TS6 aluminum alloys were also investigated by the 
Case Institute of Technology. 

An investigation has been conducted at Pennsyl- 
vania State College in which the yield strength, ulti- 
mate strength, ductility, and plastic stress-strain rela- 
tions of 24S-T aluminum alloy subjected to biaxial 
stresses were determined. Tubular specimens were 
used for the investigation and the biaxial stress states 
were produced by applying axial tensile loads in com- 
bination with internal pressures. 

The effect of combined stresses on the fracture 
strength of 75S-T aluminum alloy has been investi- 
gated by the University of California. The combined 
stress states were obtained, as in the previously men- 
tioned investigation, by appling axial loads and in- 
ternal pressures to thin-walled drawn tubes. It was 
found that the alloy ruptures in substantial agreement 
with the critical shear stress law for fracture. The 
effects of other factors on the fracture strength of the 
75S-T aluminum alloy were also discussed in the re- 
sults of the investigation. 

An investigation has also been conducted by the 
University of California to determine the relationship 
between stresses and plastic strains of wrought alumi- 
num alloys for three types of loading, tension, com- 
pression. and torsion. A secondary objective was to 
identify which assumptions of an ideal theory of elasto- 
plasticity are invalid for these alloys. It was found 
that universal stress-strain curves as predicted by the 
theory were not obtained with wrought aluminum al- 
loys. The observed disagreement between theory and 
experiment was attributed to the invalidity of the as- 
sumptions of isotropy, constancy of volume, continu- 
ity of the metal, and linear stress-infinitesimal plastic 
strain relations. Fair correlation between the theory 
and experimental facts, however, was obtained with 
a cast and solution heat-treated magnesium alloy which 
behaved isotropically during plastic deformation. Cor- 
relation with some of the aluminum alloys was ob- 
tained for the compression and torsion data when 
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shear stresses were plotted as functions of effective 
strain, but no theoretical justification is available at 
present for this anomaly. 

SUBCOMMITTEE ON NONMETALLIC 
AIRCRAFT MATERIALS 

The NACA research in the field of nonmetallic air- 
craft materials has been concentrated upon materials 
which appear to have promise in primary and second- 
ary structural applications. The majoritj? of the re- 
search in this field, as in the case of aircraft metals, has 
been carried out. by research contracts with universities 
and other nonprofit scientific organizations. 

Adhesive-Adherent Systems 

The fundamentals of adhesion, have not been studied 
extensively in the past, and the experimental work has 
been concerned largely with the development and use 
of adhesives for industrial purposes including the air- 
craft industry. 

During the past year the strength properties of vari- 
ous adhesive-adherent combinations have been deter- 
mined as one phase of a longer range investigation of 
the nature of adhesion conducted by the National Bu- 
reau of Standards. The results of these tests give an 
indication of the specific attraction between the vari- 
ous materials and hence lead to a better understanding 
of the nature of adhesion. The results will also be 
instrumental in the selection of adhesion-adherent sys- 
tems for the fundamental studies of adhesion that are 
still in progress. 

Laminated Plastics 

A knowledge of the effects of temperature on the 
strength properties of laminated plastics is becoming 
especially significant for high speed flight applications 
because the surface temperatures of aircraft increase 
with increasing speed. An investigation at the Na- 
tional Bureau of Standards sponsored by the NACA 
provided results of Izocl impact and flexural tests on 
some selected laminated plastics, containing as the 
reinforcement : glass fabric, asbestos fabric, rayon fab- 
ric, cotton fabric, and high strength paper. During 
the past year, tests have been completed on the tensile 
and compressive properties of these same materials and 
throughout the same temperature range, that is, —70° 
to 200° F. 

Sandwich Materials 

An investigation has been conducted on the mechan- 
ical properties of paper-base honeycomb structures by 
the Forest Products Laboratory. Ten different resins 
were used in the investigation, and the mechanical prop- 
erties included tension, compression and shear. As 
a result of the investigation it was found that the com- 


pressive strength and tensile strength of the resin- 
impregnated paper honeycomb structures were lower 
than those of balsa wood, and that the modulus of rigid- 
ity, shear stress at proportional limit and shear strength 
compare favorably with the corresponding properties 
of balsa. wood. 

OPERATING PROBLEMS RESEARCH 

With the expanded air traffic of the postwar years, 
the problems of safety of aircraft operation have been 
greatly emphasized. To effect the largest possible 
margin of safety to the passengers as well as to the 
flight crew, not only must the aircraft and power plant 
be well designed, but the flying technique must be such 
that safety is insured under all weather and operat- 
ting conditions. 

Problems of research relating to aircraft operations 
are carried on under the cognizance of the Committee 
on Operating Problems and its two subcommittees, 
the Subcommittee on Meteorological Problems and the 
Subcommittee on Deicing Problems. 

COMMITTEE ON OPERATING PROBLEMS 

Speed Control of High-Speed Transport 

The modern high-speed transport airplane is aero- 
dynamically clean and capable of inadvertently exceed- 
ing its maximum safe flying speed during descent. 
The importance and significance of this possibility 
were investigated in cooperation with an air carrier 
engaged in transcontinental and overseas operations. 
From a statistical analysis of data taken during a 
large number of flights, it was indicated that ithe 
probability of exceeding the airplane placard “never- 
exceed’l speed is substantially greater than the prob- 
ability of exceeding the critical Mach number of the 
airplane. Further, the probability of exceeding the 
“never-exceed” speed is sufficiently great so that the 
problem may be one of direct concern in the analysis 
of aircraft loads and the planning of operational tech- 
. niques. 

Ditching 

The tremendous increase of overseas flying both 
during and since the war has focused attention to the 
problem of ditching, or the forced landing of land- 
planes on water. During the past year, in the con- 
tinuation of an extensive program, dynamic models of 
four long-range military aircraft have been studied 
in. the NACA towing tanks and by means of an outdoor 
catapult to determine and predict the ditching char- 
acteristics of the service airplane and to recommend 
ditching procedures which would provide minimum 
hazard to the crew as well as to the airplane. 

Several of the large transport aircraft planned or 
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in use by the air lines also are currently being studied 
to determine their ditching characteristics. 

Flying and Handling Qualities of Transport Aircraft 

In cooperation with the air lines, the NACA has been 
conducting investigations of the flying and handling 
characteristics of transport aircraft to determine 
whether design requirements should be revised in light 
of the use of radio and radar blind-landing systems. 
The investigation thus far has substantiated the be- 
lief that present flying and handling requirements are 
satisfactory and that no special requirements are neces- 
sary to insure safe and easy operations with the vari- 
ous blind landing systems. The importance of com- 
plying with the flying qualities requirements has been 
reemphasized and in this particular investigation the 
necessity of taking special care to keep the friction in 
the control system to a minimum has been noted. 

Cabin Heating, Cooling, and Ventilating 

The problem of pilot and passenger comfort has been 
rendered much more difficult since sustained high- 
speed flight has become common. The modern high- 
speed, high-altitude airplane experiences heating due to 
solar radiation and aerodynamic or frictional heating 
on the airplane surface. Results of preliminary in- 
vestigations indicate that cooling of the cockpits of 
proposed transonic and supersonic aircraft will be a 
major problem. 

SUBCOMMITTEE ON DE-ICING PROBLEMS 

Perhaps the greatest hazard to the regular operation 
of aircraft under all weather conditions is the danger 
of the formation of ice over critical regions on the 
surface of the airplane and in the various air ducts. 
Not only can ice formations seriously affect the per- 
formance, but under certain conditions can render the 
aircraft uncontrollable or cause stoppage of the en- 
gines. 

The Committee’s icing research program has been 
conducted at the Ames and Cleveland laboratories by 
using as research tools actual airplanes completely in- 
strumented and flying in regions of natural icing. In 
addition, the Cleveland laboratory for the past several 
years has conducted wind-tunnel icing-research pro- 
grams directed toward the elimination of the hazard of 
icing. During the year a technical conference was held 
at the Cleveland laboratory at which the latest research 
results obtained at the Committee’s laboratories in the 
field of aircraft ice protection were presented to rep- 
resentatives of other Government agencies and the air- 
craft industry. 

Thermal Ice Prevention 

Results of previous research pointed to the possibility 
of utilizing waste heat from exhaust gas to prevent ice 


formation on airplane surfaces. Extensive analytical 
and experimental investigations have proved the eco- 
nomic feasibility and the operational superiority of 
this method of ice prevention, and as a result, provisions 
for thermal ice prevention have been included in all 
new transport designs to be operated both by the serv- 
ices and by the airlines. 

The comprehensive investigation of the fundamentals 
of thermal ice protection for airplane wings, empen- 
nages, windshields, and propellers has been continued. 
In general, this investigation consists of the determina- 
tion of the meteorological conditions which produce 
icing conditions and the derivation of methods for the 
computation of the minimum heating requirements for 
ice prevention in these conditions. A thermally pro- 
tected icing-research airplane was flown through nat- 
ural icing conditions in regions covering a large portion 
of the United States to study and evaluate experimental 
installations and analytical techniques. Special me- 
teorological equipment was developed and used to 
measure the important icing parameters, such as the 
amount of free water present in the atmosphere and the 
size of the cloud water drops. In addition, experi- 
mental apparatus such as electrically heated airfoil 
models, windshields, and propellers were used to es- 
tablish basic heating requirements. 

Meteorology 

Data have been obtained during the flight research 
program on the physical characteristics of icing clouds 
and the meteorological processes producing these 
clouds. Analysis of these data has resulted in tenta- 
tive specifications of the most probable maximum and 
the normal or typical icing condition. (Technical Notes 
1391, 1392, 1393, and 1424.) These data also have pro- 
vided an indication of the manner of formation of icing 
clouds, which is of considerable value in the forecasting 
of potential icing hazards to aircraft. 

Wings and Empennages 

In order to compute the heat required for the preven- 
tion of ice accretions on airfoil surfaces, it is important 
to determine the area over which water will impinge on 
the aircraft and the amount of ice that will be de- 
posited. A method for the calculation of this informa- 
tion has been derived and checked by tests on electri- 
cally heated airfoil models (Technical Note 1397) . This 
method is sufficiently reliable to permit generalized 
calculations to be made of any practical configuration 
with relatively little labor. 

Windshields 

As part of the over-all ice prevention program ther- 
mal methods of preventing ice formation on windshields 
have been studied. The double pane type of heated 
windshield has been proved to be satisfactory as have 
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various other internally air and electrically heated 
configurations. Empirical results from investigations 
of the various configurations have served as a guide for 
the development of a rational method for the design 
of windshield ice-prevention equipment. This method 
takes into account radiation, evaporation of impinging 
water, convection of heat to the surrounding air, as 
well as the characteristics of air and water paths in the 
vicinty of the windshield (Technical Note 1434). 

Propellers 

The large thrust losses associated with propeller icing 
make the problem very real and urgent. The require- 
ments for propeller icing protection have been investi- 
gated for both externally and internally electrically 
heated blades as well as for hot-gas internally heated 
blades (Technical Note 1084). The theoretical and ex- 
perimental results have established the hot -gas require- 
ments for gas-heated propeller blades. The heat requir- 
ed for effective propeller protection is a fraction of the 
engine waste heat available. The power required for 
protecting propellers electrically, utilizing blade-heat- 
ing elements attached externally to the blades or placed 
internally in the blades has also been studied (Technical 
Notes 1084 and 1178). 

Jet Engine Inlets 

The necessity of keeping jet engine inlets free from 
ice is of major importance since even partial block- 
ing of the air intake may seriously impair the perform- 
ance or even cause stoppage of this type of engine. 
Further, should ice enter the compressor serious struc- 
tural damage might result. In view of the seriousness 
of this problem, an extensive program is being carried 
out both in flight and in the icing-research tunnel in 
order to develop means for the protection of these en- 
gines against icing. 

SUBCOMMITTEE ON METEOROLOGICAL 
PROBLEMS 

A detailed knowledge of the structure of the atmos- 
phere is essential to the safe and efficient design and 
operation of all aircraft. Much of the information to be 
obtained is of a statistical nature and involves analyses 
of data obtained from large numbers of flights of air- 
craft over an extreme range of meteorological conditions. 

During the past year, the NACA in cooperation with 
the United States Weather Bureau, the Air Force and 
the Navy, in the Thunderstorm project, has continued 
an investigation of turbulence associated with thunder- 
storms. This project is a continuation of one begun 
last year and is directed toward the elimination of the 
hazards presented by thunderstorms to the safe oper- 
ation of aircraft. Fully instrumented airplanes have 
explored a number of thunderstorms up to altitudes of 


30,000 feet. Valuable data on the structure and inten- 
sity of gusts and associated meteorological conditions 
in relation to airplane behavior and structural design 
have been obtained. Analysis of the large amount of 
data recorded during the flights is extremely time con- 
, suming and consequently not yet complete, but prelim- 
inary results indicate that good correlations between 
predicted and observed effects have been obtained which 
will aid to establish safe and valid design and opera- 
tion criteria (Technical Note 1253). 

The NACA haj continued its analysis of data ie- 
corded in airplanes operated by several of the air lines 
and equipped with V-G and other special NACA re- 
cording instruments as well as in specially equipped 
research airplanes to obtain a clearer picture of gust 
structure and atmospheric turbulence under ordinary 
operating conditions. These data are important in de- 
termining the effects of gust structure and turbulence 
on airplane life and performance and also in devising 
means for the alleviation or circumvention of turbu- 
lence. Information obtained in the Langley gust tunnel 
under controlled conditions is correlated with these 
data in order to establish rational load factors to in- 
crease the life and safety of aircraft (Technical Notes 
1320, and 1321). 

UNIVERSITY RESEARCH 

The NACA maintains a program of sponsored or 
contract research at educational and scientific insti- 
tutions so that the skills and talents of the nation’s 
aeronautical research scientists and technical facilities 
can be utilized to the fullesVextent in connection with 
the Government’s intensified aeronautical research 
program. By this means, eminent scientists, not 
otherwise available to the Government, contribute to 
the planned program and unique facilities are brought 
to bear on the solution of important research problems. 
A byproduct of this program is the training in re- 
search of promising students to serve as useful addi- 
tions to the country’s scientific manpower. 

It has been possible under this program to engage 
some of the nation’s foremost aerodynamicists, mathe- 
maticians, physicists, chemists, and engineers in the 
study of the complex phenomena existing in connec- 
tion with the design and operation of modern aircraft 
and power plants. The fields covered in the contract 
research program embrace practically all the fields 
included within the framework of the subcommittees, 
and some of the work has been described in earlier sec- 
tions of this report. 

In the field of theoretical high-speed aerodynamics, 
new classes of mathematical equations have been devel- 
oped in an effort to solve the complex problems aris- 
ing in the study of transonic and supersonic flows and 
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existing methods have been investigated in order to 
extend their utility. The problem of flutter of high- 
speed aircraft has been studied in order that reliable 
estimates of the flutter characteristics may be made 
for aircraft in the design stage. The determination 
and prediction of flutter characteristics is exceedingly 
complex and involved mathematically so that only 
scientists with a high degree of training and under- 
standing can appreciate the problems and hope to ef- 
fect solutions. The effects of heat and turbulence on 
the characteristics of jet flows have assumed primary 
importance and these problems have been investigated 
through the use of university research facilities and 
personnel specially qualified in these fields. The char- 
acteristics of swept-baek and Iow-aspeet-ratio wings 
have been studied in university wind tunnels. Other 
aerodynamic research problems including boundary- 
layer effects, rotating-wing theory, aircraft noise re- 
duction, and aircraft and missile stability have been 
successfully attacked in the contract research program. 

Wueh of the increase in efficiency and endurance of 
jet engines is attributed to advances resulting from 
studies of heat-resisting alloys conducted under the 
sponsorship of the XACA. This research has occupied 
an important position in the over-all program as im- 
proved high-strength heat-resistant alloys offer the 
most promise for further increases in the performance 
of jet engines. 

Educational institutions have always been promi- 
nent in the field of aircraft structural design and stress 
analysis and work of this type has been actively pur- 
sued as part of the committee’s contract research pro- 
gram. Xew theories and methods for the design and 
analysis of specialized structures have resulted from 
research carried out under contract. Other researches 
include the investigation of promising new structural 
alloys and nonmetallic materials and the study of the 
fatigue life of aircraft structures. Further detailed dis- 
cussions of the programs conducted under contract are 
included in the subcommittee discussions. 

In summary, the contract research program of the 
XACA constitutes an important part of the over-all 
XACA research picture and serves to help fill in gaps 
and round out the program of the Nation to maintain 
this country’s leadership in the field of aeronautics. 

COORDINATION OF RESEARCH AND 
DISTRIBUTION OF RESEARCH 
INFORMATION 

Coordination of aeronautical research is accomplished 
partially through the activities of the XACA technical 
committees and subcommittees. Inasmuch as the mem- 
bers of these committees consist of representatives from 
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the different Government organizations as well as those 
from civil life the Committee is in a particularly ad- 
vantageous position to be advised on the work being 
conducted on aeronautics. The membership of the com- 
mittees is such as to discourage duplication of research 
effort except where such duplication is desirable. At 
the meetings of these technical committees and sub- 
committees the members report on activities in their 
field that will be of interest to the NACA. In addition, 
they review the research being conducted by the NACA 
and make recommendations as to its continuance, to 
any changes desirable in the research program, and to 
any additional fields of research in which knowledge is 
necessary and on which work is not being done. 

In order to further coordinate the aeronautical re- 
search efforts and prevent duplication of research, the 
office of Research Coordination functions in conjunc- 
tion with a West Coast representative who maintains 
close contact with the aeronautical research staffs of 
that geograpliical area. A number of discussions per- 
taining to aeronautical research between NACA per- 
sonnel and the research staffs of the aircraft and en- 
gine manufacturers and of the educational and scien- 
tific institutions were coordinated and reported through 
the Committee’s coordination office. 

In addition to these activities of the Committee, there 
are numerous informal conferences held between staffs 
of the NACA laboratories and members of the military 
or other Government services, with members of indus- 
trial organizations, and with members of university 
staffs. The purpose of these informal discussions is to 
examine the work being conducted at the Committee’s 
laboratories and so insure that the appropriate Govern- 
ment and private organizations are receiving full benefit 
of the NACA research. 

During the past year the Committee lias held eight 
technical conferences at its laboratories in which the 
following topics were discussed : 

1. Supersonic aerodynamics. 

2. Airplanes for private ownership. 

3. Gas turbine engine compressors. 

4. Gas turbine engine turbines. 

5. Combustion. 

6. Ram jets. 

7 . HIght temperature materials. 

8. Ice prevention. 

Each of these conferences was attended by 100 or more 
members from the Government services and those in- 
dustrial organizations that had contracts with the De- 
partment of National Defense on projects related to 
the subject under discussion. At these conferences the 
staff of the NACA laboratories presented papers on 
the latest information being obtained at the labora- 
tories. Following the presentation of the papers the 
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visitors exchanged their views on the work of the Com- 
mittee and on any changes that were advisable in the 
research programs. 

The research results obtained in the Committee’s 
laboratories are distributed in the form of Committee 
publications. Two of these publications, Technical 
Reports and Technical Rotes, contain information that 
is not classified and so is available to the public in 
general. The Technical Reports contain information 
considered to be of major importance. The Technical 
Rotes contain results that, are of transitory interest or 
results which should be made immediately available 
to a large number of organizations, but which will later 
be presented in a more complete Technical Report. 
Translations of foreign material are issued in the form 
of Technical Memorandums. In addition to these un- 
classified reports the Committee prepares each year a 
large number of reports in which the results are. of a 
classified nature. These reports for reasons of na- 
tional security are controlled in their circulation. 
From time to time the various classified reports issued 
by the Committee are examined to determine whether 
or not it is in the national interest to continue the 
classification. If it is found desirable to declassify 
the reports, they are then published in one of the 
standard NACA forms. 

The Office of Aeronautical Intelligence was estab- 
lished in the early part of .1918 as an integral part of 
the Committee’s activity. Its functions are. the col- 
lection and classification of technical knowledge on the 
subject of aeronautics, including the results of research 
and experimental work conducted in all parts of the 
world, and its dissemination to the Department of 
National Defense, aircraft manufacturers, educational 
institutions, and others interested. American and 
foreign reports obtained are analyzed, classified, and 
brought to the attention of the proper persons through 
the medium of public and confidential bulletins. 
Foreign reports are translated and where practical are 
issued in the form of Technical Memorandums previ- 
ously mentioned. 

To handle efficiently the work of procuring and ex- 
changing reports in foreign countries, the Committee 
prior to World War II maintained a technical assist- 
ant in Europe. It was his duty to visit the govern- 
mental and private laboratories in European countries 
and to procure for the United jStates not only printed 
matter, but more especially advance information as 
to the work in progress and technical data not pre- 
pared in printed form. The Office, of Technical As- 
sistant in Europe will be reopened as soon as the neces- 
sary arrangements can be completed. 

The NACA has continued the publication of such 


wartime reports as have been declassified, in the War- 
time Report form mentioned in last year’s annual re- 
port. The issuance of these wartime reports should 
be completed during the 1948 fiscal year. 

By act of Congress approved July 2, 1926 (U. S. 
C. title 10, sec. 310-r), an Aeronautical Patents and 
Design Board was established consisting of the Assist- 
ant Secretaries for Air of the Departments of War, 
Navy, and Commerce. In accordance with that act 
as amended by the act approved March 3, 1927, the 
National Advisory Committee for Aeronautics is 
charged with the function of analyzing and reporting 
upon the technical merits of aeronautical inventions 
and designs submitted to any agency of .the Govern- 
ment. The Aeronautical Patents and Design Board 
is authorized, upon the favorable recommendation of 
the Committee, to ‘‘determine whether the use of the. 
design by the Government is desirable or necessary 
and evaluate the design and fix its worth to. the United 
States in an amount not to exceed $75,000.” 

During the past year the volume of aeronautical 
inventions, designs, and suggestions for the improve- 
ment of aircraft received by the Committee has greatly 
increased. This increase reflects the rapid, growth of 
general public interest in flying which was accelerated 
during the war period. 

Recognizing its obligation to the public in this re- 
spect the Committee has continued to accord to all 
correspondence on such matters full consideration. 
All proposals received have been carefully analyzed 
and evaluated and the submitters have been duly ad- 
vised concerning the probable merits of their sugges- 
tions. Many personal interviews have been granted 
inventors who visited the Committee’s offices, and tech- 
nical information has been supplied when requested. 

TECHNICAL REPORTS 

No. 

752. On_a New Method for Calculating the Potential Plow Past 

a Body of Revolution. By Carl Kaplan. 

753. Methods Used in the NACA Tank for the Investigation of 

the Longitudinal-Stability Characteristics of Models of 

Triying Boats. By Roland E. Olson and Norman S. Land. 

754. Operating Temperatures of a Sodium-Cooled Exhaust 

Valve as Measured by a Thermocouple. By J. C. San- 
ders, H. D. Wilsted and B. A. Mulcahy. 

755. Requirements for Satisfactory Plying Qualities of Air- 

planes. By R. R. Gilruth. 

756. The Induction of Water to the Inlet Air as a Means of 

^Internal Cooling in Aircraft-Engine Cylinders. By Ad- 
dison M. Rothrock, Alois Krsek, Jr., and Anthony W. 

"Jones. 

757. The Measurement of Fuel-Air Ratio by Analysis of the 

Oxidized Exhaust Gas. By Harold C. Gerrish and J. 

Lawrence Meem, Jr. 



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


43 


No. 

758. Performance of NACA Eight-Stage Axial-Flow Compres- 
sor Designed on the Basis of Airfoil Theory. By John 
T. Simiette, Jr., Oscar W. Sc-hey and J. Austin King. 
7.j9. Derivation of Charts for Determining the Horizontal Tail 
Load Variation With Any Elevator Motion. By Henry 
A. Pearson. 

700. A Method of Estimating the Knock Rating of Hydrocarbon 
Fuel Blends. By Newell D. Sanders. 

761. Identification of Knock in NACA High-Speed Photographs 

of Combustion in a Spark-Ignition Engine. By Cearey 
D. Miller and H. Lowell Olsen. 

762. A Theoretical Investigation of the Lateral Oscillations of 

an Airplane with Free Rudder with Special Reference 
to the Effect of Friction. By Harry Greenberg and 
Leonard Sternfield. 

763. Tests of Airfoils Designed to Delay the Compressibility 

Burble. By John Stack. 

764. A Method for Calculating Heat Transfer in the Laminar 

Flow Region of Bodies. By H. Julian Allen and Bonne 
C. Loi >k. 

765. Exhaust-Stack Nozzle Area and Shape for Individual Cyl- 

inder Exhaust-Gas Jet-Propulsion System. By Ben- 
jamin Pinkel, L. Richard Turner, Fred Voss and Le- 
Roy V. Humble. 

766. Aerodynamic and Hydrodynamic Tests of a Family of 

Models of Flying-Boat Hulls Derived from a Stream- 
line Body. — NACA Model 84 Series. By John B. Park- 
inson, Roland E. Olson, Eugene C. Draley and Arvo A. 
Luorna. 

767. The Problem of Longitudinal Stability and Control at 

High Speeds. By Manley J. Hood and H. Julian Allen. 
76S. The Flow of a Compressible Fluid Past a Curved Surface. 
By Carl Kaplan. 

769. The Effect of Mass Distribution on the Lateral Stability 

and Control Characteristics of an Airplane as Deter- 
mined by Tests of a Model in the Free-Flight Tunnel. 
By John P. Campbell and Charles L. Seacord, Jr. 

770. Jet-Boundary Corrections for Reflection-Plane Models in 

Rectangular Wind Tunnels. By Robert S. Swanson and 
Thomas A. Toll. 

771. Review of Flight Tests of NACA C and D Cowlings on 

the XP^2 Airplane. By J. Ford Johnston. 

772. Determination of General Relations for the Behaviour of 

Turbulent Boundary Layers. By Albert E. von Doen- 
hoff and Neal Tetervin. 

773. Analysis of Heat and Compressibility Effects in Internal 

Flow Systems and High-Speed Tests of a Ram-Jet 
System. By John V. Becker and Donald D. Baals. 

774. Effect of Tilt of the Propeller Axis on the Longitudinal- 

Stability Characteristics of Single-Engine Airplanes. 
By Harry J. Goett and Noel K. Delany. 

775. The Theory of Propellers. I — Determination of the Cir- 

culation Function and the Mass Coefficient for Dual- 
Rotating Propellers. By Theodore Theodorsen. 

776. The Theory of Propellers. II — Method for Calculating the 

Axial Interference Velocity. By Theodore Theodorsen. 

777. The Theory of Propellers. Ill — The Slipstream Contrac- 

tion with Numerical Values for Two-Blade and Four- 
blade Propellers. By Theodore Theodorsen. 

778. Tiie Theory of Propellers. IV — Thrust, Energy, and Ef- 

ficiency Formulas for Single- and Dual-Rotating Pro- 
pellers With Ideal Circulation Distribution. By Theo- 
dore Theodorsen. 


No. 

779. The Effect of Increased Cooling Surface on Performance 
of Airc-raft-Englne Cylinders as shown by Tests of the 
NACA Cylinder. By Oscar W. Sehey, Vern G. Rollin 
and Herman H. EUerbrock. Jr. 

7S0. Compressible Potential Flow with Circulation about a 
Circular Cylinder. By Max A. Heaslet. 

781. Wind-Tunnel Procedure for Determination of Critical 

Stability and Control Characteristics of Airplanes. By 
Harry J. Goett, Roy P. Jackson and Steven E. Belsiey. 

782. Wall Interference in a Two-Dimensioual-Fli >w Wind Tun- 

nel, with Consideration of the Effect of Compressibility. 
By H. Julian Allen and Walter G. Vinc-enti. 

7S3. Compressibility and Heating Effects on Pressure Loss and 
Cooling of a Baffled Cylinder Barrel. By Arthur W. 
Goldstein and Herman H. EUerbrock, Jr. 

784. Intercooler Cooling-Air Weight Flow and Pressure Drop 

for Minimum Drag Loss. By J. George Reuter and 
Michael F. Valerino. 

785. Preknoek Vibrations in a Spark-Ignition Engine Cylinder 

as Revealed by High-Speed Photography. By Cearey D. 
Miller and Waiter O. Logan, Jr. 

786. Performance of Blowdown Turbine Driven by Exhaust 

Gas of Nine-Cylinder Radial Engine. By L. Richard 
Turner and Leland G. Desmon. 

787. A Theoretical Investigation of the Rolling Oscillations 

of an Airplane with Ailerons Free. By Doris Cohen. 

788. On the Plane Potential Flow Past a Lattice of Arbitrary 

Airfoils. By I. E. Garrick. 

7S9. On the Flow of a Compressible Fluid by the Hudograph 
Method. I — Unification and Extension of Present-Day 
Results. By I. E. Garrick and Carl Kaplan. 

790. On the Flow of a Compressible Fluid by the Hodograph 

Method. II- — Fundamental Set of Particular Flow Solu- 
tions of the Chaplygin Differential Equation. By I. E. 
Garrick and Carl Kaplan. 

791. A Theoretical Investigation of Longitudinal Stability of 

Airplanes with Free Controls Including Effect of Fric- 
tion in Control System. By Harry Greenberg and Leon- 
ard Sternfield. 

792. Flight Studies of the Horizontal-Tail Loads Experienced 

by a Fighter Airplane in Abrupt Maneuvers. By the 
Flight Research Maneuvers Section — LMAL. 

793. Experiments on Drag of Revolving Disks, Cylinders, and 

Streamline Rods at High Speeds. By Theodore Theo- 
dorsen and Arthur Regier. 

704. The Flow of a Compressible Fluid Past a Circular Arc 
Profile. By Carl Kaplan. 

795. The NACA Impact Basin and Water Landing Tests of a 

Float Model at Various Velocities and Weights. By 
Sidney A. Batterson. 

796. An Interim Report on the Stability and Control of Tail- 

less Airplanes. By Langley Stability Research Division 
— Compiled by Charles J. Donlan. 

797. Application of Spring Tabs to Elevator Controls. By Wil- 

liam H. Phillips. 

79S. Effect of Hinge-Moment Parameters on Elevator Stick 
Forces in Rapid Maneuvers. By Robert T. Jones and 
Harry Greenberg. 

799. Charts for the Determination of Wing Torsional Stiffness 
Required for Specified Rolling Characteristics or Aileron 
Reversal Speed. By Henry A. Pearson and William S. 
Aiken, Jr. 
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No. 

800. Effects of Small Angles of Sweep and Moderate Amounts 

of Dihedral on Stalling and Lateral Characteristics 
of a Wing-Fuselage Combination Equipped with Partial- 
and Full-Span Double Slotted Flaps. By Jerome Teplitz. 

801. A Method for Studying the Hunting Oscillations of an 

Airplane with a Simple Type of Automatic Control. 
By Robert T. Jones. 

802. NACA Investigation of a Jet-Propulsion System Applicable 

to Flight. By Macon C. Ellis, Jr. and Clinton E. Brown, 

803. Wind-Tunnel Investigation of the Effects of Profile Modi- 

fication and Tabs on the Characteristics of Ailerons on 
a Low-Drag Airfoil. By Robert M. Crane and Ralph 
W. Holtzelaw. 

TECHNICAL NOTES 1 

1012. Velocity Distribution on Wings Sections of Arbitrary 

Shape in Compressible Potential Flow. II — Subsonic 
Symmetric Adiabatic Flows. By Lipman Bers. 

1013. Stresses in and General Instability of Monocoque Cylin- 

ders with Cutouts. I — Experimental Investigation of 
Cylinders with a Symmetric Cutout Subjected to Pure 
Bending. By N. J. Hoff, and Bruno A. Boley. 

1014. Stresses in and General Instability of Monocoque Cylinders 

with Cutouts. II— Calculation of the Stresses in a Cyl- 
inder with a Symmetric Cutout. By N. J. Hoff, Bruno 
A. Boley, and Bertram Klein. 

1018. Methods for the Determination and Computation of Flow 
Patterns of a Compressible Fluid. By Stefan Bergman. 
1030. The Fatigue Characteristics of Bolted Lap Joints of 24ST 
Alclad Sheet Material. By L. R. Jackson, W. M. Wilson, 
H. F. Moore, and H. J. Grover. 

1040. Wake Studies of Eight Model Propellers. By Elliott Reid. 

1041. Effect of Normal Pressure on Strength of Axially Loaded 

Sheet- Stringer Panels. By A. E. McPherson, Samuel 
Levy, and George Zibritosky. 

1053. Use of Ducted Head Baffles to Reduce Rear-Row Cylinder 

Temperatures of an ALr-Go-Oled Aircraft Engine. By 
Michael A. Sipko, Charles Cotton, and James B. Lusk. 

1054, Impact Strength and Flexural Properties of Laminated 

Plastics at High and Low Temperatures. By J. J. Lamb, 
Isabelle Albrecht, and B. M. Axilrod. 

1057. General Tank Tests of a 1/10-Size Model of the Hull of 
the Boeing XPBB-1 Flying Boat — Langley Tank Model 
175. By Douglas A. King, and Mary B. Hill. 

1059. Effects of Tip Dihedral on Lateral Stability and Control 
Characteristics as Determined by Tests of a Dynamic 
Model in the Langley Free-Flight Tunnel. By Herman 
O. Ankenbruck. 

1070. An Empirical Equation for the Coefficient of Heat Trans- 
fer to a Flat Surface from a Plane Heated-Air Jet Di- 
rected Tangentially to the Surface. By John Zerbe, and 
James Selna. 

1070. A Simplified Method for Determining from Plight Data 
the Rate of Change of Yawing-Moment Coefficient with 
Sideslip. By Robert C. Bishop and Harvard Lomax. 
1077. Jet-Boundary and Plan-Form Corrections for Partial- 
Span Models with Reflection Plane, End Plate, or no 
End Plate in a Closed Circular Wind Tunnel. By 
James C. Sivells and Owen J. Deters. 

1081. Flow over a Slender Body of Revolution at Supersonic 
Velocities. By Robert T. Jones and Kenneth Margolis. 

1 The missing numbers in the series of technical notes were released 
before or after the period covered by this report. 


1082. Comparative Effectiveness ef a Convection-Type and a 
Radiation-Type Cooling Cap on a Turbosupercharger. 
By Frederick J. Hartwig, Jr. 

1085. Flight Tests of Experimental Beveled-Trailing-Edge 

Frise Ailerons on a Fighter Airplane. By Fabian R. 
Goranson. 

1086. Thermodynamic Charts for the Computation of Combus- 

tion and Mixture Temperatures at Constant Pressure. 
By L. Richard Turner and Albert M. Lord. 

1087. Langley Full-Scale-Tunnel Investigation of the Fuselage 

Boundary Layer on a Typical Fighter Airplane with 
a Single Liquid-Cooled Engine. By IC R. Czarnecki 
and Jerome Pasamaniek. 

1088. Influence of Large Amounts of Wing Sweep on Stability 

and Control Problems of Aircraft. By Hartley Soule. 

1089. High-Altitude Flight Cooling Investigation of a Radial 

Air-Cooled Engine. By Eugene J. Manganiello, Michael 
F7Valerino, and E. Barton Bell. 

1090. The -Shearing Rigidity of Curved Panels under Compres- 

sion. By N. J. Hoff and Bruno A. Boley. 

1091. An Analysis of the Main Spray Characteristics of Some 

Full Size Multiengine Flying Boats. By F. W. S. 
Locke, Jr. 

1092. Flight Investigation of the Cooling Characteristics of a 

Two-Row Radial Engine Installation. I— Cooling Cor- 
relation. By E. Barton Bell, James E. Morgan, John 
H. Disher and Jack R. Mercer. 

1093. Effect of Sweepback and Aspect Ratio on Longitudinal 

Stability Characteristics of Wings at Low Speeds. By 
Joseph A. Sbortal, and Bernard Maggin. 

' 1094. Experimental Determination of the Effects of Dihedral, 
Vertical-Tail Area, and Lift Coefficient on Lateral 
Stability and Control Characteristics. By Marion O. 
McKinney. 

1095. Marine Exposure Tests on Stainless Steel Sheet. By 
Willard Mutchler. 

1090. On Supersonic and Partially Supersonic Flows. By 
Stefan Bergman. 

1097. Observations on the Behavior of Some Noncircular Alu- 
minum Alloy Sections Loaded to Failure in Torsion. 
By R. L. Moore. 

109S. Effect of Change in Cross Section upon Stress Distribu- 
tion in Circular Shell-Supported Frames. By David 
H. Nelson. 

1099. Two-Dimensional Wind-Tunnel Investigation of Sealed 

0.22-Airfoil -Clio r<] Internally Balanced Ailerons of 
Different Contour on an NACA 65 (112) -213 Airfoil Sec- 
tion for XF15C-1 Airplane. By Albert L. Braslow, 

1100. Elastic Properties in Tension and Shear of High-Strengtli 

Nonferrous Metals and Stainless Steel — Effect of Pre- 
vious Deformation and Heat Treatment. By R. W. 
Mebs, and D. J. McAdams, Jr. 

1101. Tank Tests to Determine the Effect of Varying Design 

Parameters of Planing-Tail Hulls. II — Effect of Vary- 
ing Depth of Step, Angle of Afterbody Keel, Length 
of Afterbody Chine, and Gross Loads. By John R. 
Dawson and Robert MeKann, and Elizabeth S. Hay. 

1102. The. Crystal Structure at Room Temperature of Eight 

Forged Heat-Resisting Alloys. By J. Howard Kittel. 

1103. The Lagrangian Multiplier Method of Finding Upper 

and Lower Limits to Critical Stresses of Clamped Plates. 
By Bernard Budiansky and Pai C. Hu. 
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1104. Experimental Determination of the Effects of Directional 
Stability and Rotary Damping in Yaw on Lateral 
Stability and Control Characteristics. By Hubert 
II. Drake. 

1103. Static and Dynamic Creep Properties of Laminated 
Plastics for Various Types of Stress. By Joseph Marin. 

1106. Performance Parameters for Jet-Propulsion Engines. By 

Newell D. Sanders. 

1107. Thin Oblique Airfoils at Supersonic Speed. By Robert T. 

Jones. 

1168. Load Capacity of Aluminum-Alloy Crankpin Bearings as 
Determined in a Centrifugal Bearing Test Machine. By 
E. Fred Macks, and Milton C. Shaw. 

11*10. Flight Investigation of the Cooling Characteristics of a 
Two-Row Radial Engine Installation. II — Cooling-Air 
Pressure Recovery and Pressure Distribution. By John 
E. Hill, Calvin C. Blackman, and James E. Morgan. 

1110. Two-Dimensional Wind-Tunnel Investigation of an Ap- 

proximately 14-Percent-Thick NACA 66-Series-Type Air- 
foil Section with a Double Slotted Flap. By Albert L. 
Braslow, and L. K. Loftin, Jr. 

1111. Investigation of the Effect of Tip Modification and Ther- 

mal De-Icing Air Flow on Propeller Performance. By 
Blake W. Corson, Jr„ and Julian D. Maynard. 

1112. Analysis of Propeller Efficiency Losses Associated with 

Heated-Air Thermal De-Icing. By Blake W. Corson, Jr., 
and Julian D. Maynard. 

1113. Collection and Analysis of Hinge-Moment Data on Con- 

trol-Surface Tabs. By Paul E. Purser, and Charles B. 
Cook. 

1114. Estimation of Surface Temperatures in Steady Supersonic 

Flight. By George P. Wood. 

1115. Investigation of the Stability of the Laminar Boundary 

Layer in a Compressible Fluid. By Lester Lees, and 
C. C. Lin. 

1116. Strain-Gage Study of Internally Cooled Exhaust Valves 

Having Various Throat Designs. By Arthur G. Holms, 
and Richard D. Faldetta. 

1117. Comparison of Relative Sensitivities of the Knock Limits 

of Two Fuels to Six Engine Variables. By Harvey A. 
Cook, Louis F. Held, and Ernest I. Pritchard. 

111S. Effec-t of Compressibility at High Subsonic Velocities on 
the Lifting Force Acting on an Elliptic Cylinder. By 
Carl Kaplan. 

1119. Increasing the Compressive Strength of 24S-T Aluminum 

Alloy Sheet by Flexure Rolling. By George J. Heimerl 
and Walter Woods. 

1120. Standard Nomenclature for Airspeeds with Tables and 

Charts for Use in Calculation of Airspeed. By Wil- 
liam S. Aiken, Jr. 

1121. High-Speed Investigation of Skin Wrinkles on Two NACA 

Airfoils. By Harold L. Robinson. 

1122. Sideslip Angles and Vertical-Tail Loads in Rolling Pull- 

Out Maneuvers. By Maurice D. White, Harvard Lomax, 
and Howard L. Turner. 

1123. Lateral-Control Characteristics of Various Spoiler Ar- 

rangements as Measured in Flight, By J. Richard 
Spahr. 

1124. Effect of Small Deviations from Flatness on Effective 

Width and Buckling of Plates in Compression. By Pai 
C. Hu, Eugene E. Lundquist, and S. B. Batdorf. 

1125. Effect of Ratio of Rivet Pitch to Rivet Diameter on the 

Fatigue Strength of Riveted Joints of 24S-T Aluminum 
Alloy Sheet, By Harold Crate, David W. Ochiltree, and 
Walter T. Graves. 


No. 

1126. Stress Rupture of Heat-Resisting Alloys as a Rate Process. 

By E. S. Maehlin and A. S. Nowick. 

1127. A Discussion of the Application of the Prandtl-Glauert 

Method to Subsonic Compressible Flow over a Slender 
Body of Revolution. By Lester Lees. 

112S. An Investigation of Aerodynamic Characteristics of Ro- 
tating Axial Flow Blade Grids. By John R. Weske. 

1129. Flight Investigation at High Speeds of the Drag of Three 

Airfoils and a Circular Cylinder Representing Full- 
Scale Propeller Shanks. By William H. Barlow. 

1130. Evaluation of Two High-Carbon Precision-Cast Alloys 

at 1700° and 1SQ0° F. by the Rupture Test. By E. E. 
Reynolds, J. W. Freeman and A. E. White. 

1131. The Effect of Engine Variables on the Preignition-Limited 

Performance of Three Fuels. By Donald W. Male. 

1132. An Electron-Microscope Study of Used Nitrided-Steel 

Piston Rings. By Thomas P. Clark and Walter A. 
Vierthaler. 

1133. Effect of Misalinement of Strain-Gage Components of 

Strain Rosettes. By S. S. Manson and W. C. Morgan. 

1134. Development of Protected Air Scoop for the Reduction 

of Induction-System Icing. By Uwe von Glahm and 
Clark E. Renner. 

1135. Application of the Method of Characteristics to Supersonic 

Rotational Flow. By Antonia Ferri. 

1136. Bearing Strength of Some Sand-Case Magnesium Alloys. 

By R. L. Moore. 

1137. Device for Measuring Principal Curvatures and Principal 

Strains on a Nearly Plane Surface. By A. E. Mc- 
Pherson. 

113S. Standard Procedures for Rating and Testing Multistage 
Axial-Flow Compressors. By Subcommittee on Com- 
pressors, NACA. 

1139. Flight Tests of an All-Movable Horizontal Tail with 

Geared Unbalancing Tabs on the Curtiss XP-42 Air- 
plane. By Harold F. Kleckner. 

1140. Measurements of Landing-Gear Forces and Horizontal 

Tail Loads in Landing Tests of a Large Bomber-Type 
Airplane. By John R. Westfall. 

1141. An Analysis of the Airspeeds and Normal Accelerations 

of Boeing S-307 Airplanes in Commercial Transport 
Operation. By A. M. Peiser and W. G. Walker. 

1142. An Analysis of the Airspeeds and Normal Accelerations 

of Douglas DC-3 Airplanes in Commercial Transport 
Operation. By A. M. Peiser. 

1143. Charts for Determining the Characteristics of Sharp- 

Nose Airfoils in Two-Dimensional Flow at Supersonic 
Speeds. By H Reese Ivey, George W. Stickle, and 
Alberta Sohuettler. 

1144. Measurements of the Pressure Distribution on the Hori- 

zontal-Tail Surface of a Typical Propeller-Driven Pur- 
suit Airplane in Flight. I — Effects of Compressibility 
in Steady Straight and Accelerated Flight, By Melvin 
Sadoff, William N. Turner, and Lawrence A. Clousing. 

1145. The Problem of Noise Reduction with Reference to Light 

Airplanes. By Theodore Theodorsen and Arthur A. 
Regier. 

1146. Tests to Determine Effects of Slipstream Rotation on the 

Lateral Stability Characteristics of a Single-Engine 
Low-Wing Airplane Model. By Paul E. Purser, and 
Margaret F. Spear. 

1147. Flight Investigation of the Cooling Characteristics of a 

Two-Row Radial Engine Installation. Ill — Engine 

Temperature Distribution. By Robert M. Rennak, 
Welsley E. Messing, and James E. Morgan. 
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1148. Flow Tests of an NACA-Designed Supercharger Inlet El- 

bow and The Effects of Various Components on the 
Flow Characteristics at the Elbow Outlet. By D. C. 
Cuentert, D. .T. Todd, and W. P. Simmons, Jr. 

1149. Performance of Hoods for Aircraft Exhaust-Gas Turbines. 

By Richard L. Turner, Warren H. Lowdermilk, and 
Albert M. Lord. 

1150. A Relaxation Procedure for the Stress Analysis of a Con- 

tinuous Beam-Column Elastically Restrained Against 
Deflection and Rotation at the Supports. By Pai C. 
Hu, and Charles Libove. 

1151. Summary Report on Drag Characteristics of Practical- 

Construction Wing Sections. By John H. Quinn, Jr. 

1152. Flight Investigation of the Effect of a Local Change in 

Wing Contour on Chordwise Pressure Distribution at 
Hight Speeds. By Richard E. Adams, and Norman S. 
Silsby. 

1153. Foaming Volume and Foam Stability. By Sidney Ross. 

1154. A Comparison of the Lateral Motions Calculated for Tail- 

less and Conventional Airplanes. By Charles W. Harp- 
er, and Arthur L. Jones. 

1155. A Preliminary Study of a Propeller Powered by Gas 

Jets Issuing from the Blade Tips. By J. C. Sanders and 
N. D. Sanders. 

1156. Column and Plate Compressive Strengths of Aircraft 

Structural Materials, Extruded O-IHTA Magnesium 
Alloy. By George J. Heimerl and Donald E. Niles. 

1157. Compressive Strength of 24S-T Aluminum-Alloy Flat 

Panel with Longitudinal Formed Hat-Section Stiffen- 
ers. By Evan H. Schuette, “Saul Barab, and Howard 
L. McCracken. 

1158. Flutter and Oscillating Air-Force Calculations for an 

Airfoil in a Two-dimensional Supersonic Flow. By 

I. E. Garrick and S. I. Rubinow. 

1159. Turbosupercharger-Rotor Temperatures in Flight. By 

Edward R. Bartoo. 

1100. The Infrared Spectra of Splropentane, Methylenecyelobu- 
tane and 2-Methyl-l-Butene. By Alclen P. Cleaves and 
Mildred E. Sherrick. 

1161. Effect of Catalysts and pH on the Strength of Resin- 

Bonded Plywood. By G. M. Kline, F. W. Reinhart, 
R. C. Rinker, and N. J. DeLollis. 

1162. Effect of Brake Forming in Various Tempers on the 

Strength of Alclad 75S-T Aluminum Alloy Sheet. By 
Walter Woods and George J. Heimerl. 

1163. The Synthesis and Purification of Aromatic Hydrocarbons. 

IV — 1, 2, 3-Trimethylbenzene. By J. M. Lamberti, 
T. W. Reynolds and H. H. Chanan. 

1164. The Synthesis and Purification of Aromatic Hydrocar- 

bons. V — l-Ethyi-3-Methylbenzene. By Earl R. Eber- 
sole. 

1165. Tensile Properties of a Sillimanite Refractory at Ele- 

vated Temperatures. By Alfred E. Kuuen, Frederick 

J. Hartwig, and Joseph R. Bresman. 

1166. Variation of Hydrodynamic Impact Loads with Flight- 

Path Angle for a Prismatic Float at 0° and — 3° Trim 
and with a 22% ° Angle of Dead Rise. By Sidney A. Bat- 
terson. 

1167. Pressure Distributions and Force Tests of an NACA 63- 

210 Airfoil Section with a 50-Percent-Chord Flap. By 
Milton M. Klein. 

1168. Some Recent Contributions to the Study of Transition 

and Turbulent Boundary Layers. By Hugh L. Dryden. 


No. 

1109. The Effect of Geometic Dihedral on the Aerodynamic 
Characteristics of a 40° Swept-Baek Wing of Aspect 
Ratio 3. By Bernard Maggin, and Robert E. Shanks. 

1170. On Subsonic Compressible Flows by a Method of Cor- 

respondence. I — Methods for Obtaining Subsonic Cir- 
culator Compressible Flows about Two Dimensional 
Bodies. By Abe Gelbart. 

1171. On Subsonic Compressible Flows by a Method of Cor- 

respondence. II— Application of Methods to Studies 
of Flow with Circulation about a Circular Cylinder. 
By Shephard Bartnoff, and Abe Gelbart. 

1172. Comparative Tests on Extruded 14S-T and Extruded 

24S-T Hat-Shaped Stiffener Sections. By Marshall 
Holt, and G. W. Feil. 

1173. Flight Measurements of Internal Cockpit Pressures in 

Several Fighter-Type Airplanes. By Edward C. B. 
Danforth, III, and John P. Reeder. 

1174. The Application of High-Temperature Strain Gages to 

the Measurement of Vibratory Stresses in Gas-Turbine 
Buckets. By R. H. Kemp, W. C. Morgan, and S. S. 
Manson. 

1175. Lifting-Surface-Theory Aspect-Ratio Corrections to the 

Lift and Hinge-Moment Parameters for Full-Span Ele- 
vators on Horizontal Tail Surfaces. By Robert S. 
Swanson, and Stewart M. Crandall. 

1176. Stresses Around Rectangular Cut-Outs with Reinforced 

Coaming Stringers. By Paul Kuhn, Norman Rafel, 
and George E. Griffith. 

1177. Effect of Rivet Holes on the Ultimate Strength Devel- 

oped by the 24S-T and Alclad 75S-T Sheet in Incom- 
plete Diagonal Tension. By L. Ross Levin, and David 
H. Nelson. 

1178. A Flight Investigation of the Thermal Performance of 

an Air-Heated Propeller. By John F. Darsow, and 
James Selna. 

1179. Notes on the Theoretical Characteristics of. Two-Dimen- 

sional Supersonic Airfoils. By H. Reese Ivey. 

1180. Analysis of Jet-Propulsion Engine Combustion-Chamber 

Pressure Losses. By Irving I. Pinkel. 

1181. Wing Pressure-Distribution Measurements up to 0.85 Mach 

Number in Flight on a Jet-Propelled Airplane. By 
Harvey H. Brown and Lawrence A. Clousing. 

1182. A Collection of the Collapsed Results of General Tank 
. .Tests of Miscellaneous Flying-Boat Hull Models. By 

F. W. S. Locke, Jr. 

1183. Theoretical Lift and Drag of Thin Triangular Wings at 

Supersonic Speeds. By Clinton E. Brown. 

1184. Theory of Ground Vibrations of a Two-Blade Helicopter 

Rotor on Anisotropic Flexible Supports. By Robert P. 
Coleman and Arnold M. Feingold. 

1185. Application of the Analogy Between Flow with a Free 

Surface and Two Dimensional Compressible Gas Flow. 
By W. James Orlin, Norman J. Lindner and Jack G. 
Bitterly. 

11S6. Review of an Investigation of Ceramic Coatings for Metal- 
lic Turbine Parts and other High-Temperature Ap- 
plications. By W. N. Harrison, D. G. Moore and J. C. 
Richmond. 

1187. Formulas for Additional Mass Corrections to the Moments 

of Inertia of Airplanes. By Frank S. Malvestuto, Jr., 
and Lawrence J. Gale. 

1188. Flight Measurements of the Lateral-Control Character- 

istics of Narrow-Chord Ailerons on the Trailing Edge 
ofa Full-Span Slotted Flap. By Richard H. Sawyer. 
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1189. Pressure-Distribution Measurements on the Rotating 

Blades of a Single-Stage Axial-Flow Compressor. By 
Jack F. Runekel and Richard S. Davey. 

1190. Wake Measurements Behind a Semispan Wing Section of 

a Fighter Airplane in Fast Dives. By D. E. Beeler and 
George Gerard. 

1191. Two-Dimensional Wind-Tunnel Investigation of Four 

Types of High-Lift Flaps on an NACA 65-210 Airfoil 
Section. By Jones F. Cahill. 

1192. Charts Showing Relations Among Primary Aerodynamic 

Variables for Helicopter-Performance Estimation. By 
Herbert W. Talkin. 

1193. Effect of Product of Inertia on Lateral Stability. By 

Leonard Sternfield. 

1194. The Effect of Finite Span on Airload Distribution for 

Oscillating Wings. ' I. Aerodynamic Theory of the 
Oscillating Wing of Finite Span. By Erie Reissner. 

1196. Investigation of Effects of Surface Temperature and 

Single Roughness Elements on Boundary-Layer Tran- 
sition. By Hans W. Liepman and Gertrude H. Fila. 

1197. Some Investigations of the Genera! Instability of Stif- 

fened Metal Cylinders. VIII — Stiffened Metal Cylinders 
Subjected to Pure Torsion. By Louis G. Dunn. 

1199. Charts of Pressure Rise Obtainable with Airfoil-Type 

Axial-Flow Cooling Fans. By A. Kahane. 

1200. Tentative Tables for the Properties of the Upper Atmos- 

phere. By Calvin N. Warfield. 

1201. Performance of Axial-Flow Fan and Compressor Blades 

Designed for High Loadings. By Seymour M. Bogdonoff 
and L. Joseph Herrig. 

1202. Measurements of the Pressure Distribution on the Hori- 

zontal Tail Surface of a P-39N-1 Airplane (Army No. 
42-1S476 ) in Flight. XT — The Effect of Angle of Side- 
slip and Propeller Operation. By Melvin Sadoff and 
Lawrence A. dousing. 

1203. A Flight Investigation to Increase the Safety of a Light 

Airplane. By P. A. Hunter and J. R. Vensel. 

1204. Effect of Centrifugal Force on the Elastic Curve of a Vi- 

brating Cantilever Beam. By Scott H. Simpkinson, 
Laurel J. Eatherton, and Morton B. MUIenson. 

1203. Data on Optimum Length, Shear Strength, and Tensile 
Strength of Age-Hardened 17S-T Machine-Countersunk 
Rivets in 75S-T Sheet. By Evan H. Schuette and Don- 
ald E. Niles. 

1206. In-Line Aircraft-Engine Bearing Loads. Ill — Main-Bear- 

ing Loads. By Milton C. Shaw and E. Fred Macks. 

1207. Reactions with Steel of Compounds Containing Chemical 

Groups Used in Lubricant Additives. By Allen S. 
Powell. 

1205. Investigation of Stability and Control Characteristics of 

an Airplane Model with Skewed Wing in the Langley 
Free-Flight Tunnel. By John P. Campbell, and Hubert 
M. Drake. 

1209. Exhaust-Valve Temperature in an Allison Y.-1710 Cyl- 

inder. By Alois T. Sutor, and Carl Dudugjian. 

1210. Effect of Slipstream Rotation in Producing As y m m etric 

Furces on a Fuselage. By Herbert S. Ribner and Rob- 
ert Mac-Lachlan. 

1211. The Flow and Force Characteristics of Supersonic Air- 

foils at High Subsonic Speeds. By W. F. Lindsey, Bern- 
ard N. Daley, and Milton D. Humphreys. 

1212. Effect of Reflex Camber on the Aerodynamic Character- 

istics of Highly Tapered Moderately Swept-Back Wing 
at Reynolds Numbers up to 8,000,000. By William D. 
Conner. 


No. 

1213. Experimental and Theoretical Studies of Surging in Con- 

tinuous-Flow Compressors. By Robert O. Bullock, Ward 
W. Wilcox, and Jason J. Moses. 

1214. Performance of a Radial-Inlet Impeller Designed on the 

Basis of Two-Dimensional-FIow Theory for an Infinite 
Number of Blades. By I. A. Johnsen, and W. K. Ritter, 
and R. J. Anderson. 

1215. An Improved Continuous Indicating Dew-Point Meter. By 

Frank A. Friswold, Ralph D. Lewis, and R. Clyde 
Wheeler. 

1216. Effects on Performance of Changing the Division of Work 

Between Increase of Angular Velocity and Increase of 
Radius of Rotation in an Impeller. By Ambrose Gins- 
burg. William K. Ritter, and John Palasics. 

1217. Spark-Timing Control Based on Correlation of Maximum- 

Economy Spark Timing, Flame-Front Travel, and Cyl- 
inder Pressure Rise. By Harvey A. Cook, Orville H, 
Heinieke, and William H. Haynie. 

121S. Effect of Compressibility at High Subsonic Velocities on 
the Moment Acting on an Elliptic Cylinder. By Carl 
Kaplan. 

1219. Stress Analysis by Recurrence Formula of Reinforced Cir- 

cular Cylinders under Lateral Loads. By John E. Du- 
berg. and Joseph Kempner. 

1220. Effect of Exhaust Pressure on the Performance of an 1S- 

Cylinder Air-Cooled Radial Engine with a Valve Over- 
lap of 40°. By David S. Boman, Tobor F. Nagey, and 
Roland B. Doyle. 

1221. Effect of Exhaust Pressure on the Cooling Characteristics 

of an Air-Cooled Engine. By Michael F. Valerino, Sam- 
uel J. Kaufman, and Richard F. Hughes. 

1222. Buckling Stresses of Simply Supported Rectangular Fiat 

Plates in Shear. By Manuel Stein and John Neff. 
122.3. Critical Combinations of Shear and Direct Stress for 
Simply Supported Rectangular Flat Plates. By S. B. 
Batdorf and Manuel Stein. 

1224. Flight Tests of a Double-Hinged Horizontal Tail Surface 

With Reference to Longitudinal-Stability and -Con- 
trol Characteristics. By Carl M. Hanson and Seth B. 
Anderson. 

1225. The Formation and Stability of Normal Shock Waves in 

Channel Flows. By Arthur Kantrowitz. 

1226. Theoretical Supersonic Lift and Drag Characteristics of 

Symmetrical Wedge-Shape-Airfoil Sections as Affected 
by Sweepbaek Outside the Mach Cone. By H. Reese 
Ivey and Edward N. Bowne. 

1227. Exploratory Investigation of Laminar-Boundary-Layer 

Oscillations on a Rotating Disk. By Newell H. Smith. 

1228. Two-Dimensional Wind-Tunnel Investigation of a 10.7 per- 

eent-Thick Symmetrical Tail Section with A 0.40 Air- 
foil-Chord Control Surface and a 0.20 Control-Surface 
Chord Tab. By Albert L. Braslow. 

1229. Frequency-Response Method for Determination of Dy- 

namic Stability Characteristics of Airplanes with Auto- 
matic Controls. By Harry Greenberg. 

1230. A Metallurgical Investigation of Large Forged Discs of 

Low-Carbon N-155 Alloy. By Howard C. Cross and 
J. W. Freeman. 

1231. The Streamline Pattern in the Vicinity of an Oblique Air- 

foil. By Charles E. Watkins. 

1232. Effect of Exhaust Pressure on the Performance of an 

18-Cylinder, Air-Cooled, Radial Engine with a Valve 
Overlap of 62°. By Leroy V. Humble, Tibor F. Nagey, 
David S. Boman. 
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1233. Preliminary Analyis of NACA Measurements of Atmos- 

pheric Turbulence within a Thunderstorm — U. S. 
Weather Bureau Thunderstorm Project. By Harold 

B. Tolefson. 

1234. Experiments on Stability of Bunsen-Type Flames for 

Turbulent Flow. By Lowell M. Bollinger, and David 
T. Williams. 

1235. An Investigation of a Thermal Ice-Prevention System 

for a Cargo Airplane. VIII — Metallurgical Examina- 
tion of the Wing Leading-Edge Structure After 225 
Hours of Flight Operation of the Thermal System. By 
Maxwell Harris, and Bernard A. Schlaff. 

1236. Drag Tests of an NACA 60 ( 215 )— 114, a=1.0 Practical- 

Construction Airfoil Section Equipped with A 0.295- 
Airfoil-Cliord Slotted Flap. By John H. Quinn, Jr. 

1237. Tank Investigation of a Powered Dynamic Model of a 

Large Long-range Flying~Boaf- — Langley Tank Model 
180. John B. Parkinson, Roland E. Olson, and Marvin 
I. Haar. 

1238. The NACA Mixture Analyzer and its Application to Mix- 

ture-Distribution Measurement in Flight. By Harold 

C. Gerrish, J. Lawrence Meem, Jr., Marvin D. Seadron, 
and Anthony Colnar. 

1239. Wind-Tunnel Investigation of the Effect of Power and 

Flaps on the Static Longitudinal Stability Characteris- 
tics of a Single-Engine Low-Wing Airplane Model. 
By Arthur Wallace, Peter F. Rosi, and Evalyn G. 
Wells. 

1240. Effect of Simulated Service Conditions on Plastics. 'By 

W. A. Crouse, D. C. Caudill, and F. W. Reinhart 

1241. Experimental Investigation of the Stress Distribution 

Around Reinforced Circular Cut-Outs in Skin-Stringer 
Panels Under Axial Loads. By Daniel Farb. 

1242. An Analysis of the Factors that Affect the Exhaust Pro- 

cess of a Four-Stroke-Cycle Reciprocating Engine. By 
John D. Stanitz. 

1243. A Speetrophotornetric Method for Identification and 

Estimation of Alkylnaphthalenic Type Hydrocarbons in 
Kerosene. By Alden P. Cleaves, and Mildred S. 
Carver. 

1244. Effect of the Tunnel-Wall Boundary Layer on Test Re- 

sults of a Wing Protruding from a Tunnel Wall. By 
Robert A. Mendelsohn and Josephine F. Polbamus. 

1245. Summary of Lateral-Control Research. By Research 

Department — Compiled by Thomas A. Toll. 

1246. Wind-Tunnel Investigation of Icing of an Engine Cool- 

ing-Fan Installation. By James P. Lewis. 

1247. The Preparation and Physical Properties of Several Ali- 

phatic Hydrocarbons and Intermediates. By Frank L. 
Howard, Thomas W. Mears, A. Fookson, Philip Pom- 
erarttz and Donald B. Brooks. 

1248. Wind-Tunnel Investigation of Control-Surface Charac- 

teristics of Plain and Balanced Flaps with Several 
Trailing-Edge Angles on an NACA 0009 Tapered Semi- 
span Wing. By H. Page Hoggard, Jr. and Elizabeth 
G. McKinney. 

1249. A Study of Piston-Ring Friction. By James C. Liven- 

good and Chapin Wallour. 

1250. Effect of Blade-Stalling on the Efficiency of a Helicopter 

Rotor as Measured in Flight. By F. B. Gustafson 
and Alfred Gessow. 

1251. An Analysis of the Compressive Strength of Honeycomb 

Cores for Sandwich Constructions. By Charles B. 
Norris. 


No. 

1252. Interference Method for Obtaining the Potential Flow 

Past an Arbitrary Cascade of Airfoils. By S. Katzoff, 
Robert S. Finn and James C. Laurence. 

1253. Comparison of Design Specifications with the Actual 

Static Transverse Stability of 25 Seaplanes. By Ar- 
thur W. Carter. 

1254. Iterative Interference Methods in the Design of Thin 

Cascade Blades. By Leo Disendruek. 

1255. The Effect of Compressibility on the Growth of the 

1 Laminar Boundary Layer on Low-Drag Wings and 
-JBodies. By H. Julian Allen and Gerald E. Nifzberg. 

1256. Effect of 40° Sweepback on the Spin and Recovery Char- 

acteristics of a % 5 -Scale Model of a Typical Fighter- 
Type Airplane as Determined by Free- Spinning-Tun- 
nel Tests. By Stanley H. Scher. 

1257. Investigations of Free Turbulent Mixing. By Hans 

Wolfgang Liepmann and John Laufer. 

1258. Experimental Verification of Two Methods for Comput- 

ing the Take-Off Ground Run of Propeller-Driven Air- 
. ^.carft. By Welko E. Gasieh. 

1260. Flight Investigation of the Effects on Airplane Static 

Longitudinal Stability of a Bungee and Engine-Tilt 
Modifications. By George A. Rathert, Jr. 

1261. Effect of Variables in Welding Technique on the Strength 

of Direct-Current Metal-Are-Welded Joints in Aircraft 
Steel. I — Static Tension and Bending Fatigue Tests 
of Joints in SAE 4130 Steel Sheet. By C. B. Voldricli 
and E. T. Armstrong. 

1263. Stresses in and General Instability of Monocoque Cylin- 
ders with Cutouts. Ill — Calculation of the Buckling 
Load of Cylinders with Symmetric Cutout Subjected to 
Pure Bending. By N. J. Hoff, Bruno A. Boley and 
Bertram Klein. 

1265. Boundary-Induced Upwash for Yawed and Swept-Baek 

Wings in Closed Circular Wind Tunnels. By Ber- 
tram J. Eisenstadt. 

1266. Flight Measurements of Helicopter Blade Motion with 

a Comparison between Theoretical and Experimental * 
Results. By Garry C. Myers, Jr. 

1267. Flight Tests of a Helicopter in Autorotation, Including 

Ui Comparison with Theory. By Alfred Gessow and G. C. 
Myers, Jr. 

1268. An Application of Statistical Data in the Development of 

Gust-Load Criterions. By Reginald B. Bland and T. D. 
Reisert. 

1269. Method for Calculating Wing Characteristics by Lifting- 

Line Theory Using Nonlinear Section Lift Data. By 
James C. Sivells and Robert H. Neely. 

1270. Experimental and Calculated Characteristics of Several 

NACA 44-Series Wings with Aspect Ratios of 8 , 10, 
and 12 and Taper Ratios of 2.5 and 3.5. By Robert 
H. Neely, Thomas V. Bollech, Gertrude C. Westriok 
and Robert R. Graham. 

1271. Axial-Flow and Compressor-Blade Design Data at 52.5° 

"Stagger and Further Verification of Cascade Data by 
Rotor Tests. By Seymour M. Bogdonoff, and Eugene 
E. Hess. 

1272. Interference of Wing and Fuselage from Tests of 30 

Combinations with Triangular and Elliptical Fuselages 
in the NACA Variable-Density Tunnel. By Albert 
"Sherman. 

1273. Meteorological Conditions Associated with Flight Meas- 

urements of Atmospheric Turbulence. By B. B. Hel- 
fand. 



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


49 


No. 

1274. Compressive-Strength Comparisons of Panels having 

Aluminum- Alloy Sheet and Stiffeners with Panels hav- 
ing Magnesium-Alloy Sheet and Aluminum-Alloy Stiff- 
eners. By Norris P. Dow, William A. Hickman, and 
Howard L. McCracken. 

1275. A Lifting-Surface Theory Solution and Tests of an El- 

liptic Tail Surface of Aspect Ratio 3 with a 0.5-Chord, 
0.85 Span Elevator. By Robert S. Swanson, Stewart 
M. Crandeii, and Sadie Miller. 

1270. Low-Speed Tests of Five NACA 66-Series Airfoils hav- 
ing Mean Lines Designed to Give High Critical Mach 
Numbers. By Albert E. von Doenhoff, Louis S. Stivers, 
Jr., and James M. O'Connor. 

1277. Two-Dimensional Wind-Tunnel Investigation of the 

NACA 641-012 Airfoil Equipped with Two Types of 
Leading-Edge Flaps. By Felicien F. Fullmer, Jr. 

1278. Experimental Determination of the Damping in Roll and 

Aileron Rolling Effectiveness of Three Wings Having 
2°, 42°, and 62° Sweepbac-k. By Charles V. Bennett, 
Joseph L. Johnson. 

1270. The Determination of Elastic Stresses in Gas-Turbine 
Disks. By S. S. Manson. 

12S0. Distribution of Bearing Reactions on a Rotating Shaft 
Supported on Multiple Journal Bearings. By S. S. 
Manson. W. C. Morgan. 

1281. An Electrical Computer for the Solution of Shear-Lag 
and Bolted-Joint Problems. By Robert D. Ross. 

1252. Some Considerations of the Lateral Stability of High- 

Speed Aircraft. By Leonard Sternfleld. 

1253. The NACA Two-Dimensional Low-Turbulence Pressure 

Tunnel. By Albert E. von Doenhoff and Frank T. Ab- 
bott, Jr. 

1284. Investigation at Low Speed of the Longitudinal Stability 

Characteristics of a 60° Swept-Back, Tapered Low-Drag 
Wing. By John G. Lowry and Leslie E. Sehneiter. 

1283. Theoretical Motions of Hydrofoil Systems. By Frederick 
H. Imiay. 

1286. Low-Speed Stability and Damping-in-Roll Characteristics 
of Some Highly Swept Wings. By Bernard Maggin and 
Charles V. Bennett. 

12S7. Flight Tests of an Airplane Model with a 42° Swept-Back 
Wing in the Langley Free-Flight Tunnel. By Bernard 
Maggin and Charles V. Bennett. 

1285. Flight Tests of an Airplane Model with a 62° Swept-Back 

Wing in the Langley Free-Flight Tunnel. By Bernard 
Maggin and Charles V. Bennett. 

1289. Full-Scale Investigation of the Aerodynamic Character- 

istics of a Typical Single-Rotor Helicopter in Forward 
Flight. By Richard C. Dingeldein and Raymond F. 
Schaefer. 

1290. Appreciation and Determination of the Hydrodynamic 

Qualities of Seaplanes. By John B. Parkinson. 

1201. Collection and Analysis of Wind-Tonnel Data on the 
Characteristics of Isolated Tail Surfaces with aud with- 
out End Plates. 

1292. Investigation of Suction-Slot Shapes for Controlling a 

Turbulent Boundary Layer. By P. Kenneth Pierpont. 

1293. Tests of the NACA 64iA212 Airfoil Section with a Slat, 

a Double Slotted Flap, and Boundary-Layer Control by 
Suction. By John H. Quinn, Jr. 

1294. Investigation of Effect of Span, Spanwise Location, and 

Chordwise Location of Spoilers on Lateral Control 
Characteristics of a Tapered Wing. By Jack Fischel 
and Vito Tambureilo. 


No. 

1295. Wind-Tunnel Investigation of the Air Load Distribution 

on Two Combinations of Lifting Surface and Fuselage. 
By Carl A. Sandahl and Samuel D. Vollo. 

1296. Wind-Tunnel Investigation of the Effects of Surface-Cov- 

ering Distortion on the Characteristics of a Flap Having 
Undistorted Contour Maintained for Various Distances 
ahead of the Trailing Edge. By Thomas A. Toll, M. J. 
Queijo and Jack D. Brewer. 

1297. Bending Stresses Due to Torsion in a Tapered Box Beam. 

By Edwin T. Kruszewski. 

129S. Effect of Spoiler-Type Lateral-Control Devices on the 
Twisting Moments of a Wing of NACA 230-Series Air- 
foil Sections. By James E. Fitzpatrick and G. Chester 
F urlong. 

1299. Effects of Mach Number and Reynolds Number on the 

Maximum Lift Coefficient of a Wing of NACA 230-Series 
Airfoil Sections. By G. Chester Furlong and James E. 
Fitzpatrick. 

1300. The Effects of Aerodynamic Heating and Heat Transfer on 

the Surface Temperature of a Body of Revolution in 
Steady Supersonic Flight, By Richard Scherrer. 

1301. A Method for Calculating the Heat Required for the Pre- 

vention of Fog Formations on the Inside Surfaces of 
Single-Panel Bullet-Resisting Windshields During Div- 
ing Flight. By James Selma and John E. Zerbe. 

1302. The Effect of Various Horizontal Tail Planes on the High- 

Speed Longitudinal Control of a U. S. Army Pursuit 
Airplane. By Charles F. Hall. 

1303. A Transonic Propeller of Triangular Plan Form. By 

Herbert S. Ribner. 

1304. Wind-Tunnel Investigation of the Boundary Layer and 

Wake and their Relation to Airfoil Characteristics — 
NACA 65i-0i2 Airfoil with a True Contour Flap and A 
Beveled-Trailing Edge Flap. By Robert A. Mendelsohn. 

1305. Effect of Length-Beam Ratio on the Aerodynamic Char- 

acteristics of Flying-Boat Hulls. By Campbell C. Yates 
and John M. Riebe. 

1306. Aerodynamic Characteristics of Three Planing-Tail Fly- 

ing-Boat Hulls. By Campbell C. Yates and John M. 
Riebe. 

1307. Effect of Aerodynamic Refinement on the Aerodynamic 

Characteristics of a Flying-Boat Hull. By John M. 
Riebe and Rodger L. Naeseth. 

1308. Isolated and Cascade Airfoils with Prescribed Velocity 

Distribution. By Arthur W. Goldstein and Meyer Jen- 
son. 

1309. Correlation of Two Experimental Methods of Determin- 

ing the Rolling Characteristics of Unswept Wings. By 
Robert MacLachlan and William Letko. 

1310. Charts for Stress Analysis of Reinforced Circular Cyl- 

inders Under Lateral Loads. By Joseph Kempner and 
John E. Duberg. 

1311. Friction Coefficients in a Vaneless Diffuser. By W. Byron 

Brown. 

1312. A Comparative Study of Weights aud Sizes of Flat-Plate 

Exhaust-Gas-To-Air Heat Exchangers With and With- 
out Fins. By Thorval Tendeland and Charles P. Stein- 
metz. 

1313. An Investigation of the Effect of Blade Curvature on 

Centrifugal-Impeller Performance. By Robert J. An- 
derson, William K. Ritter and Dean M. Dildine. 

1314. An Investigation of the High-Temperature Properties of 

Chromium-Base Alloys at 1350°. By J. W. Freeman, 
E. E. Reynolds and A. E. White. 
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1315. Free-Falls and Parachute Descents in the Standard At- 
mosphere. By A. P. Webster. 

1310. Theoretical Aerodynamic Coefficients of .Two-Dimensional 
Supersonic Biplanes. By W. E. Moeckel. 

1317. Wind-Tunnel Investigation of the Effect of Wing-Tip Fuel 

Tanks on Characteristics of Unswept Wings in Steady 
Roll. By Harry E. Murray and Evalyn G. Wells. 

1318. Performance Tests of Wire Strain Gages. V — Error in 

Indicated Bending Strains in Thin Sheet Metal due to 
Thickness and Rigidity of Gage. By W. F. Campbell 
and A. F. Medbery. 

1319. Calculations of the. Supersonic Wave Drag of Nonlifting 

Wings with Arbitrary Sweepback and Aspect Ratio 
Wings Swept Behind the Mach Lines. By Sidney M. 
Harmon, and Margaret D. Swanson. 

1320. Investigation of the Dynamic Response of Airplane Wings 

to Gusts. By Harold B. Pierce. 

1321. An Improved Method for Calculating the Dynamic Re- 

sponse of Flexible Airplanes to Gusts. By Abbott A. 
Putnam. 

1323. Charts for the Minimum-Weight Design of Multiweb 

Wings in Bending. Evan H. Schuette, and James C. 
McCulloch. 

1324. Interaction Between the Spars of Seruimonoeoque Wings 

with Cutouts. By N. J. Hoff, Harry Ease, and Harold 
Liebowitz. 

1325. Hydrodynamic. Impact Loads in Smooth Water for a Pris- 

matic Float Having an Angle of Dead Rise of 30°. By 
Robert W. Miller, and Samuel Leshnover. 

1326. Airfoil in Sinusoidal Motion in a Pulsating Stream. By 

J. Mayo Greenberg. 

1327. Wind-Tunnel Investigation of the Effect of Power and 

Flaps on the Static Lateral Characteristics of a Single 
Engine Low-Wing Airplane Model. By Vito Tamburelo, 
and Joseph Well. 

1328. Calculation of Compressible Flows Past Aerodynamic 

Shapes by Use of the Streamline Curvature. By W. 
Perl. 

1329. Tail-Design Requirements for Satisfactory Spin Recovery 

for Personal-Owner Type Light Airplanes. By A. I. 
Neihouse. 

1330. Effect of Critical Mach Number and Flutter on Maximum 

Power Loading of Ducted Fans. By Arthur A. Regier, 
John G. Barmby, and Harvey H. Hubbard. 

1331. Empirical Method for Frequency Compensation of the 

Hot-Wire Anemometer. By Raymond A. Runyan and 
Robert J. Jeffries. 

1333. Estimation of Control Forces of Spring-Tab Ailerons from 

Wind-Tunnel Data. By Owen J. Deters. 

1334. Effects of Temperature Distribution and Elastic Prop- 

erties of Materials on Gas-Turbine-Disk Stresses. By 
Arthur G. Holms and Richard D. Faldetta. 

1335. The Local Buckling Strength of Lipped. Z-Columns with 

Snail Lip Width. By Pdf C. Hu and James C. Mc- 
Culloch. 

1336. The One-Dimensional Theory of Steady Compressible 

Fluid Flow in Ducts with Friction and Heat Addi- 
tion. By Bruce L. Hicks, Donald J. Montgomery and 
Robert H. Wasserman. 

1337. Effect of Horizontal-Tail Position on the Hinge Moments 

of an Unbalanced Rudder in Attitudes Simulating Spin 
Conditions. By Ralph W. Stone, Jr. and Sanger M. 
Burk, Jr. 


No. 

1338. Propeller-Efficiency Charts for Light Airplanes. By John 

L. Crigler and Robert E. Jaquis. 

1339. Wind-Tunnel Investigation of the Effect of Power and 

Flaps on the Static Longitudinal Stability and Con- 
trol Characteristics of a Single-Engine High-Wing 
Airplane Model. By John R. Hagerman. 

1340. Subsonic Flow over Thin Oblique Airfoils at Zero Lift. 

By Robert T. Jones. 

1341. A. Simplified Method of Elastic-Stability Analysis for 

Thin Cylindrical Shells. I — Donnells Equation. By 
S. B. Batdorf. 

1342. A Simplified Method of Elastic Stability Analysis for 

Thin Cylindrical Shells. II — Modified Equilibrium 
Equation. By S. B. Batdorf. 

1343. Critical Stress of Thin-Walled Cylinders in Axial Com- 

- pression. By S. B. Batdorf, Murry Schildcrout and 
Manuel Stein. 

1344. Critical Stress of Thin-Walled Cylinders in Torsion. By 

S. B. Batdorf, Manuel Stein and Murry Schildcrout. 

1345. Critical Combinations of Torsion and Direct Axial Stress 

for Thin- Walled Cylinders. By S. B. Batdorf, Manuel 
Stein and Murry Schildcrout. 

1346. Critical Shear Stress of Long Plates with Transverse 

Curvature. By S. B. Batdorf, Murry Schildcrout and 
Manuel Stein. 

1347. Critical Combinations of Shear and Longitudinal Direct 
^Stress for Long Plates with Transverse Curvature. By 

S. B. Batdorf, Murry Schildcrout and Manuel Stein. 
134S. Critical Shear Stress. of Curved Rectangualr Panels. By 
S. B. Batdorf, Manuel Stein and Murry Schildcrout, 

1349. Performance and Ranges of Application: for Various 

Types of Aircraft-Propulsion Systems. By the Cleve- 
land Laboratory Staff. 

1350. Estimated Lift-Drag Ratios at Supersonic Speed. By 
“ Robert T. Jones. 

1351. Comparison between the Measured and Theoretical Span 

Loadings on a Moderately Swept-Forward and a Mod- 
erately Swept-Back Semispan Wing. By Robert A. 
Mendelsohn and Jack D. Brewer. 

1352. Wind-Tunnel Investigation of Split Trailing-Edge Lift 

and Trim Flaps on a Tapered Wing with 23° Sweep- 
back. By William Letko and David Feigebaum. 

1353. Effect of Distance on Airplane Noise. By Arthur A. Regier. 

1354. Comparison of Sound Emission from Two-Blade, Four- 

Blade, and Seven-Blade Propellers. By Chester W. 
Hicks and Harvey H. Hubbard. 

1355. A Study of Metal Transfer between Sliding Surfaces. 

By B. W. Sakmann, N. Grossman and John W. Irvine. 
Jr. _ 

1356. An Investigation of Effects of Reversed-Type Longitudi- 

nal Steps on Resistance and Spray Characteristics of a 
Flying-Boat Hull. By Arthur W. Carter, Eugene P. 
Clement and Alvin H. Morewitz. 

1357. Effect of Combustor-Inlet Conditions on Performance of 

an Annular Turbojet Combustor. By Howard J. Childs, 
Richard J. McCafferty and Oakley W. Surine. 

1358. Propeller-Loudness Charts for Light Airplanes. By 

Harvey H. Hubbard and Arthur A. Regier. 

1359. Experimental Verification of the Rudder-Free Stability 

Theory for an Airplane Model Equipped with a Rud- 
der having Positive Floating Tendencies and Various 
Amounts of Friction. By Bernard Maggin, 

1360. The Stability of the Laminar Boundary Layer in a Com- 

pressible Fluid. By Lester Lees. 
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1361. Deformation Analysis of Wing Structures. By Paul 

Kuhn. 

1362. Tests to Determine the Effect of Heat on the Pressure 

Drop Through Radiator Tubes. By Louis W. Habel 
and James J. Gallagher. 

1363. A Theoretical Investigation of Hydrodynamic Impact 

Loads on Scalloped-Bottom Seaplanes and Comparisons 
with Experiment. By Benjamin Milwitsky. 

1364. Strength Analysis of Stiffened Beam Webs. By Paul 

Kuhn and James P. Peterson. 

1367. Effect of Exhaust Pressure on the Performance of a 12- 
Cylinder Liquid-Cooled Engine. By Leland G. Des- 
mon and Ronald B. Doyle. 

130S. Theoretical and Experimental Data for a Number of 
NACA 6A-Series Airfoil Sections. By Laurence K. 
Loftin, Jr. 

1369. Effect of Geometric Dihedral on the Aerodynamic Char- 

acteristics of Two Isolated Vee-Tail Surfaces. By 
Robert O. Scbade. 

1370. Correlation of Experimental and Calculated Effects of 

Products of Inertia on Lateral Stability. By Marion 

0. McKinney, Jr., and Hubert M. Drake. 

1371. Considerations of the Total Drag of Supersonic Airfoil Sec- 

tions. By H. Reese Ivey and E. Bernard K1 linker 

1372. Some Considerations on an Airfoil in an Oscillating 

Stream. By J. Mayo Greenberg. 

1373. Charts for the Determination of Supersonic Air Flow 

Against Inclined Planes and Axially Symmetric Cones. 
By W. E. Moeckel and J. F. Connors. 

1374. Experimental Studies of the Knock-Limited Blending Char- 

acteristics of Aviation Fuels. II — Investigation of 
Leaded Paraffinic Fuels in an Air-Cooled Cylinder. By 
-Jerrold D. Wear and Newell D. Sanders. 

1376. Comparisons of Theoretical and Experimental Lift and 

E'ressure Distributions on Airfoils in Cascade. By S. 
Katzoff, Harriet E. Bogdonoff, and Howard Boyet. 

1377. Wind-Tunnel Investigation of Unshielded Horn Balances 

on a Horizontal Tail Surface. By John G. Lowry and 
Stewart M. Crandall. 

1375. Preliminary Investigation at Low-Speed of Downwash 

Characteristics of Small-Scale Sweptback Wings. By 
Paul E. Purser, M. Leroy Spearman, and William R. 
Bates. 

1379. Wind-Tunnel Investigation of the Effect of Power and 
Flaps on the Static Lateral Stability and Control Char- 
acteristics of a Single-Engine High-Wing Airplane 
Model. By John R. Hagerman. 

18S1. Numerical Evaluation of Mass-Flow Coefficient and Asso- 
ciated Parameters from Wake-Survey Equations. By 
Norman F. Smith. 

1332. Distribution of Wave Drag and Lift in the Vicinity of 

Wing Tips at Supersonic Speeds. By John C. Evvard. 

1333. Theoretical Study of the Air Forces on an Oscillating or 

Steady Thin Wing in a Supersonic Main Stream. By 

1. E. Garrick and S. I. Rubinow. 

13S4. A Review of Boundary Layer Literature. (Based on a 
Talk Presented at Wright Field.) By Neal Tetervin. 
1336. Wind-Tunnel Investigation of Drooped Ailerons on a 16- 
Percent-Thic-k Low-Drag Airfoil. By Ralph W. Holtz- 
c-law and Jules B. Dods, Jr. 

1387. A Preliminary Correlation of the Behavior of Water Rud- 
ders on Seaplanes and Flying Boats. By F. W. S. 
Locke, Jr. 


No. 

13SS. Performance of an Axial-Flow Compressor Rotor Designed 
for a Pitch-Section Lift Coefficient of 1.2. By L. Joseph 
Herrig and Seymour M. Bogdonoff. 

13S9. Design Charts for Flat Compression Panels having Longi- 
tudinal Extruded Y-Section Stiffeners and Comparison 
with Panels having Formed Z-Section Stiffeners. By 
Norris F. Dow and William A. Hickman. 

1390. Effect of Compressibility on the Distribution of Pressures 

over a Tapered Wing of NACA 230-Series Airfoil Sec- 
tions. By E. O. Pearson, Jr. 

1391. Icing Properties of Noncyclonie Winter Stratus Clouds. 

By William Lewis. 

1392. Icing Zones in a Warm Front System with General Pre- 

cipitation. By William Lewis. 

1393. A Flight Investigation of the Meteorological Conditions 

Conducive to the Formation of Ice on Airplanes. By 
William Lewis. 

1394. Flight Investigation on a Fighter-Type Airplane of Fac- 

tors which Affect the Loads and Load Distributions on 
the Vertical Tail Surfaces During Rudder Kicks and 
Fishtails. By John Boshar. 

1395. Wind-Tunnel Investigation of the NACA 654-421 Airfoil 

Section with a Double Slotted Flap and Boundary-Layer 
Control by Suction. By John H. Quinn, Jr. 

1396. High-Speed Tests of an Airfoil Section Cambered to 

Have Critical Mach Numbers Higher than Those Attain- 
able with a Uniform-Load Mean line. By Donald J. 
Graham. 

1397. A Method for Numerically Calculating the Area and Dis- 

tribution of Water Impingement on the Leading Edge of 
an Airfoil in a Cloud. By Norman R. Bergrun. 

1398. Solutions for Hydrodynamic Impact Force and Response of 

a Two-Mass System With an Application to an Elastic 
Airframe. By Wilbur L. Mayo. 

1399. Preliminary Investigation of a Gas Turbine with Sillima- 

nite Ceramic Rotor Blades. By Frederick J. Hartwig, 
Bob W. Shefiin, and Robert J. Jones. 

1400. Hinge-Moment Characteristics of Balanced Elevator and 

Rudder for a Specific Tail Configuration on a Fuselage 
in Spinning Attitudes. By Ralph W. Stone, Jr. and 
Sanger M. Burk, Jr. 

1402. Effect of Sweepback on Boundary Layer and Separation. 

By Robert T. Jones. 

1403. Wind-Tunnel Investigation of the Effect of Tab Balance 

on Tab and Control-Surface Characteristics. By Jack 
D. Brewer, and M. J. Queijo. 

1405. The Optical System of the NACA 400,000-Frame-Per-See- 

ond Motion-Picture Camera. By C. D. Miller. 

1406. High-Speed Wind-Tunnel Tests of an NACA 16-009 Airfoil 

Having a 32.9-Percent-Chord Flap with an Overhang 
20.7 Percent of the Flap Chord. By David B. Stevenson, 
Robert W. Byrne. 

1407. A Comparison of Flight Test Results on a Scout-Bomber 

Airplane with 4.7° and with 10° Geometric Dihedral in 
the Wing Outer Panels. By Charles M. Forsyth, and 
William E. Gray, Jr. 

1408. Instantaneous Ultraviolet Knock Spectra Correlated with 

High-Speed Photographs. By M. A. Hirshfeld, and 
Cearey D. Miller. 

1409. Investigation of a Spoiler-Type Lateral Control System on 

a Wing with Full-Span Flaps in the Langley 19-Foot 
Pressure Tunnel. By Owen J. Deters, and Robert T. 
Russell. 
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1412.. Volterra’s Solution of the Wave Equation as Applied to 
Three-Dimensional Supersonic Airfoil Problems. By 
Max A. Heaslet, Harvard Lomax, and Arthur L. Jones. 

1413. Performance of a Double-Row Radial Aircraft Engine with 

Three Methods of Safety-Fuel. Injection. By Donald J. 
Michel, Robert O. Hiekel. and Charles H. Voit, 

1414. Investigation of Thrust Losses Due to Shanks of a 

Flared-Shank Two-Blade Propeller on a Slender-Nose 
Airplane. By Jerome B. Hammack. 

1416. Experimental Studies of the Knock-Limited Blending 

Characteristics of Aviation Fuels. Ill — Aromatics and 
Cycloparaffins. By I. L. Drell, and J. D. Wear. 

1417. High-Speed Wind-Tunnel Tests of an NACA 0009-64 Air- 

foil having a 33.4-Percent-Chord Flap with an Over- 
hang 20.1 Percent of the Flap Chord. By David B. 
Stevenson, and Alfred A. Adler. 

1418. Investigation of the Pressure-Loss Characteristics of a 

Turbojet Inlet Screen. By .John L. Lankford. 

1420. An Application of Lift-Surface Theory to the Predictions 

of Angle-of Attack Hinge-Moment Parameters for As- 
pect Ratio 4.5 Wings. By Arthur L. Jones, Mildred G. 
Flanagan, and Loma Sluder. 

1421. Effect of Variation in Diameter and Pitch of Rivets on 

Compressive Strength of Panels with Z-Seetion Stiffen- 
ers. Panels of Various Lengths with Close Stiffener 
Spacing. By Norris F. Dow, and William A. Hickman. 

1422. Experimental and Calculated Characteristics of Three 

Wings of NACA 64-210 and 65-210 Airfoil Sections with 
and without 2° Washout. By James C. Sivells. 

1423. The Stability Derivatives of Low-Aspect-Ratio Triangular 

Wings at Subsonic and Supersonic Speeds. By Herbert 
S. Ribner. 

1426. Method of Designing Vaneless Diffusers and Experi- 

mental Investigation of Certain Undetermined Para- 
meters. By W. Bryon Brown, and Guy R. Bradshaw. 

1427. Laboratory Investigation of Ice Formation and Elimina- 

tion in the Induction System of a Large Twin-Engine 
Cargo Aircraft. By Willard D. Coles. 

1429. The Effects of Yawing Thin Pointed Wings at Super- 
sonic Speeds. By John C. Evvard. 

1431. Investigation of the Aileron and Tab of a Spring-Tab 
Lateral Control System in the Langley 19-Foot Pres- 
sure Tunnel. Owen J. Deters, and Robert T. Russell. 
1441. Comparison of the Control-Force Characteristics of Two 
Types of Lateral-Control System for Large Airplanes. 

TECHNICAL MEMORANDUMS 

Large amounts of the material translated from the German 
are parts of two regular series of reports. Reference will be 
made to these series of German reports by abbreviations defined 
as follows : 

ZWB — Zentrale fiir Wissensehaftliches Berichtswesen der Luft- 
falirtforschung des Generalluftzeugmeisters 
(German Central Publication Office for Aeronautical 
Reports) 

FB — Forschungsbericht 

(Research Report) 

DM — Untersuchungen and Mitteilungen 
(Reports and Memoranda) 

No. 

10S4. Kinetics of Chemical Reactions in Flames. By Y. Zeldo- 
vich and N. Semenov. From Journal of Experimental 
and Theoretical Physics (USSR) Vol. 10, 1940, pp. 1116- 
1123. 


No. 

1086. Distribution of Structural Weight of Wing Along the Span. 
By V. V. Savelyev. From Central Aero-Hydrodynami- 
cal Institute Report No. 381, 1939. 

10S7. Strength Investigations in Aircraft Construction Under 
Repeated Application of the Load. By E. Gassuer. 
From Luftwissen, Vol, 6, No. 2, Feb. 1939, pp. 61-54. 

1088. A Camera for Obtaining Profile Photographs of Propellers 

and Model Airfoils. By R. Kuhl and K. Baab. From 
Luftwissen, Vol. 5, No. 5, May 1938, pp. 183-185. 

1089. Investigation of Flow in a Centrifugal Pump. By Karl 

Fischer. From Mitteilungen des Hydraulischen Insti- 
tute der Teehnischen Hochsehule Miinehen, No. 4, 1931. 

1090. On the Problem of Stress Corrosion. By L. Graf. From 

Luftwissen, Vol. 7, No. 5, May 1940, pp. 160-169. 

1091. The Effect on the Sperry Directional Gyro in Turning. By 

• Rossello Rosselli Del Turco. From Atti Di Guidonia, 
No. 18, Oct. 6, 1939, pp. 373-380. 

1092. On Laminar and Turbulent Friction. By Theo. Von Kar- 

man. From Zeitschrift fiir Angewandte Matbematik 
und Mechanik, Vol. 1, No. 4, August 1921, pp. 233-252. 

1093. The Further Development of Heat-Resistant Materials for 

Aircraft Engines. By Franz Bollenrath. From Luft- 
fahrtforsehung, Vol. 14, No. 4-5, April 20, 1937, pp. 196- 
203. 

1094. Investigation of the Behavior of Thin-Walled Panels with 

Cutouts. By A. A. Podorozhny. From Central Aero- 
Etydrodynamical Institute Report No. 454, 1939. 

1095. Wind-Tunnel Investigation of the Horizontal Motion of a 

Wing Near the Ground. By Y. N. Serebrisky, S. A. 
Biachuev. From Central Aero-Hydrodynamical Insti- 
tute Report No. 437. 

1006. Investigation of Turbulent Mixing Processes. By K. 
Yiktorin. From Forschung, Vol. 12, No. 1, Jan. -Feb. 
1941, pp 16-30. 

1097. Scale Effect and Optimum Relations for Sea Surface 
Planing. By L. Sedov. From Central Aero-Hydro- 
dynamical Institute Report No. 439, 1939. 

109S. The Oscillating Circular Airfoil on the Basis of Potential 
Theory. Parts I & II. By Tli. Schadi (Pt. I) K. 
Krienes & Tli. Schade (Pt. II) From Luftfahtforschung, 
Dec. 10, 1940, pp. 387-400 (Pt. I) Luftfahrtforschung, 
Aug. 20, 1942, pp. 282-291 (Pt. II). 

1099. Airscrew Gyroscopic Moments. By G. Bock. From Luft- 

wissen, Vol. 8, No. 3, March 1941, pp 98-97. 

1100. Infinitesimal Conical Supersonic Flow. By Adolf Buse- 

mann. From Deutschen Akademie der Luftfahrtfor- 
sehung, 1942-43, pp. 455. 

1101. Investigations of Pressure Distribution on Fast Flying 

Bodies. By G. Stamm. From ZWB, UM 8103, August 
IS, 1944. 

1102. High Speed Measurements on a Swept-Back Wing (Sweep- 

back Angle ^=35°). By B. Gothert. From Dillienthal- 
Gesellschaft fur Luftfahrtforschung, Report 156, p. 
30-40. 

1103. Calibration Tunnel for High Speed. By J. Pretscb. From 

AVA Gottingen. 

1104. The Influence of the Jet of a Propulsion Unit on. Nearby 

Wings. By H. Falk. From ZWB, UM 3200, Dec. 28, 
1944. 

1105. Plane and Three-Dimensional Flow' at High Subsonic 

Speeds. By B. Gothert. From Lilienthal Gesellscbaft 
127. 
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1107. Six-component Measurements on a Straight and a 35° 
Swept-baek Trapezoidal Wing with and Without Split 
Flap. By G. Thiel and F. Weissinger. From ZWB, 
UM 127S, Aug. 1, 1944. 

110S. Force and Pressure-Distribution Measurements on a Rec- 
tangular Wing with a Slotted Droop Nose and With 
Either Plain and Split Flaps in Combination or a Slot- 
ted Flap. By H. G. Demme. From ZWB, FB 1676/2, 
May 14, 1943. 

1109. Flow Investigation with the Aid of Ultramieroscope. By 

G. Vogelpohl and D. Mannesmann. From Forsehung auf 
clem Gebiete des Ingenieurwesens, Vol. 8, Pt. I, Jan.- 
Feb. 1937, p. 42-47. 

1110. On Combustion In a Turbulent Flow. By K. I. Shelkin. 

From Journal of Technical Physics (U.S.S.R.) Vol. 
XIII, Nos. 9-10, 1943. 

1111. The Monoplane as a Lifting Vortex Surface. By Hermann 

Blenk. From Zeitschrift fur angewandte Mathematik 
und Meehanik, Vol. 5, No. 1 , February 1925. 

1112. The Effect of Turbulence on the Flame Velocity in Gas 

Mixtures. By Gerhard Damkohler. From Zeitschrift 
fiir Elektrochemie unci Angewandte Physikalisehe 
Chemie. Vol. 46, No. 11, Nov., 1940, p. 601-26. 

1113. Investigation of Compressibility Shocks and Boundary 

Layers in Gases Moving at High Speed. By J. Aekeret, 
F. Feldmann and N. Rott. From Eidgenossiehen Tech- 
nishen Hoohschule Zurich. Institut fiir Aerodynamik, 
Mitteilungen, No. 10. 

1114. The Calculation of Compressible Flows with Local Regions 

of Supersonic Velocity. By B. Gothert, K. El. Kawalki. 
From ZWB, FB 1794, Aug. 7, 1943. 

1115. Pressure Distribution Measurements at High Speed and 

Oblique Incidence of Flow. By A. Lippiseh and W. 
Beuschausen. From ZWB, FB 1669, Sept. 25, 1942. 

1117. Force and Pressure-Distribution Measurements on a Rec- 

tangular Wing with Doubly Hinged Nose. By H. A. 
Lemme. From ZWB, FB 1676/3, June 2, 1944. 

1118. The Flow Through Axial Turbine Stages of Large Radial 

Blade Length. By Eckert & Korbacher. From ZWB, 
FB 1750, Feb. 18, 1943. 

1119. Systematic Wind-Tunnel Measurements on a Laminar 

Wing With Nose Flap. By W. Krueger. From ZWB, FB 
194S, June 11. 1944. 

1120. The Lift Distribution of Swept-Baek Wings. By J. 

Weissinger. From ZWB, FB 1553, Feb. 27, 1942. 

1121. Theoretical Investigation of Drag Reduction by Main- 

taining the Laminar Boundary Layer by Suction. By 
A. Ulrich. From Aerodynamische Institut der Tech- 
nishen Hoohschule Braunschweig, Report No. 44/8, 
March 20, 1944. 

1122. Systematic Wind Tunnel Measurements on Missiles. By 

O. Walehner. From Lilienthal-Gesellschaft Rept. No. 
139, p. 29-37. 

1123. Investigations on Experimental Impellers for Axial Blow- 

ers. By W. Encke. From Aerodynamische Versuehsan- 
stalt Gottingen E. V., Gottingen, Inst f. Stromungs- 
masehinen, ZWB, UM 3135, April 1944, pp. 1-2S. 

1124. Practical Possibilities of High Altitude Flight with Ex- 

haust Gas Turbines in Connection with Ignition En- 
gines — Comparative Thermodynamic and Flight Me- 
chanical Investigations. By A. Weise. From ZWB,’ FB 
430, July 22, 1935. 


No. 

1126. Pressure-Distribution Measurements on a Straight and 

on a 35° Swept-Bac-k Tapered Wing. By A. Thiel and 
J. Weissinger. From UM 1293. Sept. 29, 1944. 

1127. Russian Laminar Flow Airfoils 3rd Part : Measurements 

of the Profile. By F. Riegels. From UM 3067. 

1128. Recent Results on High-Pressure Axial Blowers. By B. 

Eckert. From V. D. I. Zeit., Vol. SS, No. 37/38, Sept. 16, 
1944, p. 516-520. 

1129. Test Report on 3- and 6-Component Measurements on a 

Series of Tapered Wings of Small Aspect Ratio (Trape- 
zoidal Wing with Fuselage) by Lange & Wacke. From 
UM 1023/2. 

1130. Calibration and Measurement in Tubulence Research by 

the Hot-Wire Method. By L. I. G. Kovasznay. From 
Aeronautical Institute of Hungarian Technical Univer- 
sity, Budapest, Hungary, 1943. 

1131. Gas-Dynamic Investivations of the Pulse- Jet Tube. By 

F. Sehultz-Grunow. From ZWB, FB 2015/1 u. 2., June 
1943 and August 1944. 

1132. Possibilities of Shortening of the Structural Length of 

Axial Airplane Superchargers. By B. Eckert. From 
Teehnische Hoohschule, Stuttgart, Germany. 

1133. Method of Characteristics for Three-Dimensional Axially 

Symmetrical Supersonic Flows. By R. Sauer. From 
ZWB, FB 1269, August 14, 1940. 

1134 The Distribution of Loads on Rivets Connecting a Plate 
to a Beam under Transverse Loads. By Prof. F. Vogt. 
From Reprint of Report No. S. M. E. 3301, Oct 1944; 
issued by the Royal Aircraft Establishment, Farnbor- 
ough, England. 

1135. The Load Distribution in Bolted or Riveted Joints in Light- 

Alloy Structures. By Prof. F. Vogt. From Reprint of 
Report No. S. M. E. 3300, Oct. 1044 ; issued by the Royal 
Aircraft Establishment, Farnborough, England. 

1136. On the Vortex Sound from Rotating Rods. By E. Y. Yudin. 

From Zburnal Tekhnicheskoi Fiziki, Vol. 14, No. 9, p. 
561, 1944 

1140. Pressure Recovery for Missiles with Reaction Propulsion 

at High Supersonic Speeds (The Efficiency of Shock 
Diffusers) . By Kl. Oswatitsch. From Forschungen und 
Entwicklungen des Heereswaffenamtes, Report No. 1005, 
Gottingen, Jan. 1944 

1141. The Combination of Internal-Combustion Engine and Gas 

Turbine. By K. Zinner. From V. D. I. Zeitschrift, May 
13, 1944, p. 245. 

1142. Fundamentals of the Control of Gas Turbine Power Plants 

for Aircraft, Part 1. By H. Ktihi. From ZWB, FB 
1796/1, May 17, 1943. 

1143. Fundamentals of the Control of Gas Turbine Power Plants 

for Aircraft, Part 2. By H. Kiihl. From ZWB, FB 
1796/2, July 9, 1943. 

1144 Rockets Using Liquid Oxygen. By Adolph Busemann. 
From Schr. d. D. Akad. d. Luftfahrtforsehung, Vol. 1071, 
No. 82, 1943, p. 127-43. 

1145. Rocket Power Plants Based on Nitric Acid and Their Spe- 

cific Propulsive Weights. By Helmut Zborowski. From 
R-Antriebe, Sc-hriften der Deutschen Akademie der Luft- 
fahrtforschung, Vol. 1071, No. 82, 1943, p. 91-126. 

1146. Test Report on Three- and Six-Component Measurements 

on a Series of Tapered Wings of Small Aspect Ratio. 
(Partial Report: Elliptic Wing.) By Lange A Wacke. 
From ZWB, UM 1023/3, Sept. 21, 1043. 
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No. 

1147. General Characteristics of the Flow Through Nozzles at 

Near Critical Speeds. By R. Sauer. From ZWB. FB 
1992, Sept. 25, 1944. 

1148. Lift Increase by Blowing Out Air, Tests on Airfoil of 12 

Percent Thickness, Using Various Types of Flap. By 
W. Schwier. From ZWB, FB 1648, Sept. 15, 1942. 

1149. Three-Component Force and Mass-Flow Measurements on 

a Jet Nacelle. By G. Ilgmann and E. Moeller. From 
Aerodynamisches Institut der Technischen Hocliscliule 
Braunschweig. Report No. 45/3. Braunschweig Mar. 
8, 1945. 

1150. Compression Shocks of Detached Flow. By Eggink. 

From ZWB, FB 1850, Aug. 12, 1943. 

1151. Lift and Drag of Wings with Small Span. By F. Weinig. 

From ZWB, FB 1665, Sept. 8, 1942. 

1152. Flow Detachments by Compression Shocks. B. A. Weise. 

From Technische Berichte, 1943, v. 10, No. 2, p. 59-61 
Photostat. (Ger. test) see also: Nat. Research Dabs., 
Div. of Mech. Eng., Gas Dynamics Sect. Tec-h. Trans. 
TT-1. Apr. 3, 1947. 7 p. illus. (Title varies) 1137. 

1153. Body of Revolution in Subsonic Flow. By H. Bilharz and 

E. Holder. From ZWB, FB 1169/1, Jan. 15, 1940. 

1154. Theory of Wings in Non-Stationary Flow. By A. J. Ne- 

krasoff. From Bulletin de L’Academie des Sciences 
de L’URSS, 1945. No. 4-5, p. 382-395. 

1155. On the Problems of Chaplygin for Mixed Sub- and Super- 

sonic Flows. By F. Frankl. From Bulletin de L’Aca- 
demie des Sciences de L’URSS, Vol. 9, 1945, p. 121-143. 

1156. On the Theory of the Unsteady Motion of an Airfoil. By 

L. L. Sedoff. From Central Aero-Hydrodynamieal In- 
stitute, Transactions No. 229, 1935. 

1157. Conical Tips in Supersonic Flow. By W. Hantzsche and 

H. Wendt. From Jalirbuch 1942 der deutschen Luft- 
fahrforschung. pp. 180-100. 

1158. Some Aerodynamic Relations for an Airfoil in Oblique 

Flow. By F. Ringleb. From ZWB, FB 1497. Oct. 21, 
1941. 

1160. Concerning the Velocity of Evaporation of Small Droplets 
in a Gas Atmosphere. By N. Fuchs. From Physikal- 
ische Zeitsehrift der Sowjetunion. Vol. 6, 1934, p. 
224-243. 

1162. Tunnel Correction for Compressible Subsonic Flow. By 

A. V. Baranoff. From ZWB. FB 1272, July 5, 1940. " 

1163. Drag Corrections in High Speed Wind Tunnels. By H. 

Ludwieg. From ZWB, FB 1955, April 14, 1944. 

1164. Pressure-Distribution Measurements on Unyawed Swept- 

Back Wings. By W. Jacob.. From ZWB, UM 2052, 
Dec. 21, 1943. 

1166. The Fundamentals of the Control of Gas Turbine Power 
Plants for Aircraft. Parts III— Control of Jet En- 
gines. By H. Kiihl. From ZWB, FB 1796/3, July 22, 
1943. 


No. 

1167. Calculations and Experimental Investigations of tlie 
Feed-Power Requirements of Airplanes with Boundary- 
Layer Control. By W. Kruger. From ZWB, FB 1618, 
April 27, 1042. 

116S. Drag Reduction by Suction of the Boundary Layer Sep- 
arated Behind Shock Wave Formation at High Mach 
Numbers. By B. Regenseheit, From ZWB, FB 1424, 
July 1, 1941. 

1169. Description of Russian Aircraft Engines “AM 35” and 

“AM 38”. By H. Denkmeier and K. Gross. From ZWB, 
UM 690, Aug. 1, 1942. 

1170. Report on Rocket Power Plants Based on Hydrogen Per- 

oxide. By Hellmuth Walter. From Schr. d. D. Akad. 
d. Luftakrtforscbung, Vol. 1071, No. 82, 1943, p. 63-89. 

1171. Laboratory Report on the Investigation of the Flow 

Around Two Turbine-Blade Profiles Using the Inter- 
ferometer Method. By K. von Vietinghoff-Scheel. From 
ZWB, UM 2096, May 31, 1944. 

1172. Preliminary Report on the Fundamentals of the Control 

of Turbine-Propeller Jet-Power Plants. By H. Kiihl. 
From ZWB, UM 1272, June 9, 1944. 

1173. Pressure Distribution Measurements on a Turbine Rotor 

Blade Passing Behind a Turbine Nozzle Lattice. By 
Hausenblas. From Berichte der Gittertagung in 
Braunschweig, Institut f. Motorenforschung tier Luft- 
fahrtforschungsanstalt Hermann Goring, Mar. 27 & 28, 
1944, Br. B. Nr. M325/44g, p. 95-100. 

1174. Analytical Treatment of Normal Condensation Shock. 

By Heybey. From Heeres-Versuehsstelle, Peenemuncte, 
Arehiv. Nr. 66/72, Mar. 30, 1942. 

1177. Wind-Tunnel Investigations on a Changed Mustang Pro- 
file with Nose Flap Force and Pressure-Distribution 
Measurement. By W. Krueger. From ZWB. UM 3153. 
1179. Determination of tlie Stress Concentration Factor of a 
Stepped Shaft Stressed in Torsion by Means of Preci- 
sion Strain Gauges. By A. Weigand. From Luft- 
fahrt-Forschung, Vol. 20, Section 7, pp. 217-219, Miin- 
cheh, July 20, 1943. 

1181. Investigations on Reductions of Friction on Wings, in 
Particular by Means of Boundary Layer Suction. By 
Werner Pfenninger. From EidgenSssische Technische 
Hocliscliule Ziirich, Institute fiir . Aerodynamik, Mit- 
teilungen — No. 13, 1946. 

1183. Temperatures and Stresses on Hollow Blades for Gas 

Turbines. By Erich Pollman. From ZWB, FB 1879, 
July 30, 1943. 

1184. Development and Construction of an Interferometer for 

Optical Measurements of Density Fields. By Tb. Zobel. 
From ZWB, FB 1008, June 30, 193S. 

1187. Equations for Adiabatic but Rotational Steady Gas Flows 
Without Friction. By Manfred Schiifer. From Lehr- 
stuhl fur Technische Mechanik an der Technischen. 
Hoehsehule Dresden, Arc-hiv. Nr. 44/1. 



Part II 

COMMITTEE ORGANIZATION AND MEMBERSHIP 


The National Advisory Committee for Aeronautics 
was established by act of Congress approved March 3, 
1915, and the membership increased from 12 to 15 by act 
approved March 2, 1929 (U. S. C. title 49, sec. 241). 
Its members are appointed by the President and include 
two representatives each of the Air Force and of the 
Navy Department, two representatives of the Civil 
Aeronautics Authority (Civil Aeronautics Act of 1938) , 
one representative each of the Smithsonian Institution, 
the United States "Weather Bureau, and the National 
Bureau of Standards, together with sis additional per- 
sons who are “acquainted with the needs of aeronautical 
science, either civil or military, or skilled in aeronautical 
engineering or its allied sciences.” These latter six 
serve for terms of 5 years. The representatives of the 
Government organizations serve for indefinite periods. 
All members serve as such without compensation. 

During the period since the publication of the Com- 
mittee’s last annual report, for the year 1946, the follow- 
ing changes have occurred in the membership of the 
main Committee: 

Rear Adm. Lawrence B. Richardson, U. S. N„ sub- 
mitted his resignation effective December 1 , 1946, be- 
cause of his retirement from the Navy, and Rear Adm. 
Leslie C. Stevens was appointed to succeed him. 

Also effective December 1, 1946, the President reap- 
pointed Dr. Vannevar Bush and Mr. Arthur E. Ray- 
mond. members from private life, for 5-year terms. 

Mice Adm. Donald B. Duncan, U. S. N„ was ap- 
pointed a member under date of February 24, 194T, to 
succeed Vice Adm. Arthur W. Radford, upon replacing 
the latter as Deputy Chief of Naval Operations (Air). 

On June 19, 1947, the President appointed Rear Adm. 
Theodore C. Lonnquest. U. S. N„ to succeed Admiral 
Stevens, transferred to duty away from Washington. 

Hon. John R. Alison. Assistant Secretary of Com- 
merce for Air, was appointed a member of the Commit- 
tee under date of August 25, 1947, as successor to Hon. 
William A. M. Burden, who resigned from the Commit- 
tee because of his resignation as Assistant Secretary of 
Commerce. 

In accordance with the regulations governing the or- 
ganization of the Committee as approved by the Presi- 
dent. the Chairman and Vice Chairman are elected an- 
nually, as are also the Chairman and Vice Chairman of 
the Executive Committee. 


On October 23, 1947. Dr. Jerome 0. Hunsaker was 
reelected Chairman of the NACA and of the Execu- 
tive Committee. Dr. Alexander Wetmore was elected 
Vice Chairman of the NACA, succeeding Dr. Theodore 
P. Wright, and Dr. Francis W. Reichelderfer was re- 
elected Vice Chairman of the Executive Committee. 

SUBCOMMITTEES 

Under the main Committee there are standing tech- 
nical committees, with subcommittees, to prepare and 
recommend to the main Committee the programs of re- 
search, to coordinate research needs, and to act as medi- 
ums of interchange of ideas and information, in their 
respective special fields. In addition, it is the policy of 
the Committee to establish from time to time special 
technical subcommittees for the study of particular 
problems as they arise. 

The 6 principal committees and their 20 subcom- 
mittees as organized in 1947 were as follows: 

COMMITTEE OX AERODYNAMICS 

Dr. Theodore P. Wright, Administrator of Civil Aeronautics, 
Chairman. 

Dr. Hugh L. Dryden, National Advisory Committee for Aero- 
nautics. Vice Chairman. 

Col. C. K. Moore, U. S. A. F., Air Matdriel Command. 

Brig. Gen. Donald L. Putt. U. S. A. F., Air Materiel Command. 
Capt. Walter S. Diehl, D. S. N., Bureau of Aeronautics. 

Mr. F. A. Louden, Bureau of Aeronautics, Department of the 
Navy. 

Mr. Harold D. Hoekstra, Civil Aeronautics Administration. 
Mr. John F. Parsons, NACA Ames Aeronautical Laboratory. 
Mr. Floyd L. Thompson, NACA Langley Memorial Aeronautical 
Laboratory. 

Mr. Paul S. Baker, Chance Tought Aircraft, United Aircraft 
Corp. 

Mr. John G. Borger, Pan American Airways System. 

Prof. Joseph H. Keenan, Massachusetts Institute of Technology. 
Mr. L. E, Root, Douglas Aircraft Company, Ine. 

Mr. George S. Schairer, Boeing Airplane Co. 

Dr. William R. Sears, Cornell University'. 

Dr. Theodore von Karman, California Institute of Technology. 
Mr. Fred E. Weic-k, Engineering and Research Corp. 

Subcommittee on High-Speed Aerodynamics 

Dr. Hugh L. Dryden, National Advisory Committee for Aero- 
nautics, Chairman. 

Mr. R. G. Robinson, National Advisory Committee for Aero- 
nautics, Vice Chairman. 

Mr. H. L. Anderson, Air Materiel Command, U. S. Air Force. 
CoL J. A. Gibbs, U. S. A. F., Air Materiel Command. 
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t. 

Mr. R. H. Kent, Ballistics Research Laboratory, Ordnance De- 
partment. 

Mr. F. A. Louden, Bureau of Aeronautics, Department of the 
Navy. 

Dr. R. J. Seeger, Naval Ordnance Laboratory. 

Mr. Paul O. Spiess, Civil Aeronautics Administration. 

Mr. H. Julian Allen, NACA Ames Aeronautical Laboratory. 

Mr. John Stack, NACA Langley Memorial Aeronautical Labo- 
ratory. 

Mr. Abe Silver-stein, NACA Flight Propulsion Research Labora- 
tory. 

Dr. Francis H. Clauser, Johns Hopkins University. 

Mr. Harold Luskin, Douglas Aircraft Co. 

Mr. Vladimir Morkovin, University of Michigan. 

Mr. C. Pappas, Republic Aviation Corp. 

Mr. Allen Puckett, California Institute of Technology. 

Prof. John von Neumann, The Institute for Advanced Study, 
Princeton. 

Subcommittee on Stability and Control 

Capt. Walter S. Diehl, U. S. N., Bureau of Aeronautics, Chair- 
man. 

Mr. Melvin Short-, Air Materiel Comm'and, U. S. Air Force. 

Mr. Joseph Matulaitis, Civil Aeronautics Administration. 

Mr. Harry J. Goett, NACA Ames Aeronautical Laboratory. 

Mr. H. A. Soule, NACA Langley Memorial Aeronautical Labora- 
tory. 

Mr. William M. Harcum, Sperry Gyroscope Co., Ine. 

Mr. E. R. Heald, Douglas Aircraft Co., Ine, 

Mr. Edward J. Horkey, North American Aviation, Inc. 

Prof. Otto Koppen, Massachusetts Institute of Technology. 

Mr, W. F. Milliken, Jr., Cornell Aeronautical Laboratory. 

Prof. C. D. Perkins, Princeton University.' 

Mr. Charles Tilgner, Grumman Aircraft Engineering Corp. 

Subcommittee on Internal Flow 

Prof. Joseph H. Keenan, Massachusetts Institute of Technology, 
Chairman; 

Col. Paul H. Kemmer, U. S. A. F., Air Materiel Command. 

Mr. Parker M. Bartlett, Bureau of Aeronautics, Department of 
the Navy. 

Dr. K. F. Hubert, NACA Langley Memorial Aeronautical Lab- 
oratory. 

Mr. Abe Silverstein, NACA Flight Propulsion Research Lab- 
oratory. 

Mr. Walter YIncenti, NACA Ames Aeronautical Laboratory. 

Dr. William Bollay, North American Aviation, Inc. 

Prof. Howard W. Emmons, Harvard University. 

Mr. J. J. Jerger, Fail-child Engine and Airplane Corp. 

Dr. Stewart Way, Westingliouse Electric Corp. 

Subcommittee on Propellers for Aircraft 

Mr. Fred E. Weick, Engineering and Research Corp., Chair- 
man. 

Mr. Daniel A. Dickey, Air Materiel Command, U. S. Air Force. 

Dr. Roscoe H. Mills, Air Materiel Command, U. S. Air Force. 

Mr. Gerald L. Desmond, Bureau of Aeronautics, Department of 
the Navy. 

Mr. Ivan H. Driggs, Bureau of Aeronautics, Department of the 
Navy. 

Mr. John C. Morse, Civil Aeronautics Administration. 

Mr. E. C. Draley, NACA Langley Memorial Aeronautical Lab- 
oratory. 

Mr. Werner J. Blanchard, Aeroproducts Division, General Mo- 
tors Corp. 


Mr. George W. Brady, Curtiss Propeller Division, Curtiss- Wright 
Corp. 

Mr. Frank W. Caldwell, United Aircraft Corp. 

Prof. Shatswell Ober, Massachusetts Institute of Technology. 

Mr. Thomas B. Rhines, Hamilton Standard Propellers. 

Mr. William C. Schoolfield, Chance Vouglit Aircraft, Division 
of United Aircraft Corp. 

Subcommittee on Seaplanes 

Sir. Grover Loening, Chairman. 

Mr. H. L. Anderson, Air Materiel Command, U. S. Air Force. 

Capt. Walter S. Diehl, U. S. N., Bureau of Aeronautics. 

Commander John A. Ferguson, U. S. N., Patuxent Naval Air 
Test Center. 

Capt. C. E. Giese, U. S. N., Air War College, Air University. 

Mr. F. W. S. Locke, Jr., Bureau of Aeronautics, Department of 
the Navy. 

Capt. H. E. Saunders, U. S. N., Bureau of Ships. 

Commander Donald B. MaeDiarmid, U. S. C. G., Ail- Sea Rescue, 
Eastern Area. 

Mr. Albert A. Vollmeeke, Civil Aeronautics Administration. 

Mr. John B. Parkinson, NACA Langley Memorial Aeronautical 
Laboratory. 

Prof. K. S. M. Davidson, Stevens Institute of Technology. 

Mr. Leo Geyer, Grumman Aircraft Engineering Corp. 

Mr. J. D. Pierson. Glenn L. Martin Co. 

Mr. E. G. Stout, Consolidated Vultee Aircraft Corp. 

Subcommittee on Helicopters 

Mr. Grover Loening, Chairman. 

Maj. William C. Dodds, U. S. A. F., Air Materiel Command. 

Mr. P. A. Simmons, Air Materiel Command, U. S. Air Force. 

Mr. H. L. Hanson, Bureau of Aeronautics, Department of the 
Navy. 

Commander James W. Klopp, U. S. N., Bureau of Aeronautics. 

Commander Frank A. Erickson, U. S. C. G., Rotary Wing De- 
velopment Unit, Coast Guard Air Station. 

Mr. R. B. Maloy, Civil Aeronautics Administration. 

Mr. B. L. Springer, Civil Aeronautics Administration. 

Dr. R. P. Coleman, NACA Langley Memorial Aeronautical 
Laboratory. 

Mr. F. B. Gustafson, NACA Langley Memorial Aeronautical 
Laboratory. 

Mr. Michael Gluhareff, Sikorsky Aircraft, Division of United 
Aircraft Corp. 

Mr. Rene H. Miller, Massachusetts Institute of Technology. 

Mr. F. N. Piasecki, Piasecki Helicopter Corp. 

Mr. Richard H. Prewitt, Prewitt Aircraft Co. 

Mr. Arthur M. Young, Bell Aircraft Corp. 

Subcommittee on Vibration and Flutter 

Dr. H. JUE. Reid, NACA Langley Memorial Aeronautical Labor- 
atory, Chairman. 

Mr, Benjamin Smilg, Air Materiel Command, U. S. Air Force. 

Mr. L. S, Washerman, Air Matdriel Command, U. S. Air Force, 

Capt. Walter S. Diehl, U. S. N., Bureau of Aeronautics. 

Mr. Bernard A. Wiener, Bureau of Aeronautics, Department 
of the Navy. 

Dr. Walter Ramberg, National Bureau of Standards. 

Mr. E. Forest Critehlow, Civil Aeronautics Administration. 

Mr. Albert Erickson, NACA Ames Aeronautical Laboratory. 

Mr. I. E. Garrick, NACA Langley Memorial Aeronautical 
Laboratory. 

Mr. Raymond L. Bisplinghoff, Massachusetts Institute of Tech- 
nology. 
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Dr. E. G. Keller, General Electric Co. 

Mr. E. B. Kiimaman, Boeing Airplane Co. 

Mr. Samuel J. Loring, 

Special Subcommittee on the Upper Atmosphere 

Dr. Harry Wexler, U. S. Weather Bureau, Chairman. 

Col. Paul H. Dane, U. S. A. E., Air Materiel Command. 

Brig. Gen. D. N. Yates, U. S. A. F. Weather Service. 

Capt. Walter S. Diehl, U. S. N., Bureau of Aeronautics 
Dr. Harvey Hall, Bureau of Aeronautics, Department of the 
Navy. 

Capt. H. T. Orville, U. S. N., Office of the Chief of Naval Opera- 
tions. 

Dr. E. H. Krause, Naval Research Laboratory. 

Dr. W. G Brombacher, National Bureau of Standards. 

Dr. C. N. Warfield, NACA Langley Memorial Aeronautical 
Laboratory. 

Dr. L. V. Berkner, Carnegie Institution of Washington. 

Dr. B. Gutenberg, California Institute of Technology. 

Dr. Joseph Kaplan, University of California. 

Dr. Fred L. Whipple, Harvard University. 

Dr. O. K. Wulf, California Institute of Technology. 

Committee on Power Plants for Aircraft 

Mr. R. M. Hazen, General Motors Corp., Chairman. 

Prof. E. S. Taylor, Massachusetts Institute of Technology, Vice 
Chairman. 

Col. R. J. Minty, U. S. A. F., Air Materiel Command. 

Col. Ralph L. Wassell, U. S. A. F„. Air Materiel Command. 
Capt. A. L. Baird, U. S. N., Bureau of Aeronautics. 

Capt. John L. Ewing, U. S. N., Bureau of Aeronautics. 

Mr. Stephen Rolle, Civil Aeronautics Administration. 

Dr. Hugh L. Dryden (ex officio), National Advisory Committee 
for Aeronautics. 

Mr. Carlton Kemper, NACA Flight Propulsion Research Labora- 
tory. 

Mr. A. M. Rothrock, National Advisory Committee for Aeronau- 
tics. 

Mr. A. G. Herreshoff, Chrysler Corp. 

Mr. L. S. Hobbs, United Aircraft Corp. 

Mr. William S. James, Ford Motor Co. 

Mr. R. P. Kroon, Westinghouse Electric Corp. 

Mr. William C. Lawrence, American Overseas Airlines, Inc. 

Mr. D. F. Warner, General Electric- Co. 

Mr. Raymond W. Young, Wright Aeronautical Corp., Division of 
Curtiss-Wright Corp. 

Subcommittee on Aircraft Fuels and Lubricants 

Mr. W. M. Holaday, Socony-Vacuum Oil Co., Inc., Chairman. 
Prof. Edwin R. Gilliland, Massachusetts Institute of Technology. 
Mr. E. C. Phillips, Air Materiel Command, U. S. Air Force. 
Commander S. M. Adams, U. S. N., Bureau of Aeronautics. 

Mr. Donald B. Brooks, National Bureau of Standards. 

Mr. Kenneth S. Cullom, Civil Aeronautics Administration. 

Dr. L. C. Gibbons, NACA Flight Propulsion Research Laboratory. 
Mr. R. C. Aiden, Phillips Petroleum Co. 

Dr. D. P. Barnard, Standard Oil Co. of Indiana. 

Mr. A. J. Blackwood, Standard Oil Development Co. 

Dr. L. G. Bonner, Hercules Powder Co. 

Mr. S. D. Heron, Ethyl Corp. 

Dr. J. Bennett Hill, Sun Oil Co. 

Mr. C. R. Johnson, Shell Oil Co, 

Mr. A. J. Nerad, General Electric Co. 

Mr. Earle A. Ryder, Pratt & Whitney Aircraft. 


Subcommittee on Combustion 

Prof. Glenn C. Williams, Massachusetts Institute of Technology, 
Chairman. 

Mr. G. L. Wander, Air Materiel Command, U. S. Air Force. 

Lt. Comdr. C. C. Hoffman, U. S. N. Bureau of Aeronautics. 

Dr. Ernest F. Flock, National Bureau of Standards. 

Dr. Bernard Lewis, Bureau of Mines. 

Dr. W. T. Olson, NACA Flight Propulsion Research Laboratory. 
Mr. A. M. Rothrock, National Advisory Committee for Aeronau- 
tics. 

Dr. W. G. Berl, Applied Physics Laboratory, Johns Hopkins Uni- 
versity. 

Mr. Eilnrand D. Brown, Pratt Sc Whitney Aircraft. 

Mr. Kenneth Campbell, Wright Aeronautical Corp. 

Dr. John P. Longweli, Standard Oil Development Co. 

Mr. A. J. Nerad, General Electric Co. 

Prof. Robert X. Pease, Princeton University. 

Dr. Stewart Way, Westinghouse Electric Corp. 

Subcommittee on Lubrication, Friction, and Wear 

Mr. Arthur F. Underwood, General Motors Corp., Chairman. 
Mr. Edgar A. Wolfe, Air Matdriel Command, U. S. Air Force. 
Commander J. C. Ec-khardt, U. S. N., Bureau of Aeronautics. 
Dr. William Zisman, Naval Research Laboratory. 

Mr. John H. Collins, Jr.. NACA Flight Propulsion Research 
Laboratory. 

Dr. O. Beeek, Shell Development Co. 

Prof. John T. Burwell, Massachusetts Institute of Technology. 
Mr. C. C. Davenport, Westinghouse Electric Co. 

Dr. Russell W. Dayton, Battelle Memorial Institute. 

Mr. Hans Ernst, Cincinnati Milling & Grinding Machines, Inc. 
Mr. Morris Muskat, Gulf Research & Development Co. 

Mr. Earle A. Ryder, Pratt & Whitney Aircraft. 

Dr. Haakon Styri, SKF Industries, Inc. 

Subcommittee on Compressors 

Mr. Opie Chenoweth, Air Materiel Command, U. S. Air Forces 
Chairman. 

Commander H. Sosnoski, U. S. N„ Bureau of Aeronautics. 

Mr. Robert O. Bullock, NACA Flight Propulsion Research 
Laboratory. 

Mr. John Stack. NACA Langley Memorial Aeronautical Labora- 
tory. 

Mr. Rudolph Birmann, DeLaval Steam Turbine Co. 

Dr. William Bollay, North American Aviation, Inc. 

Mr. Walter Doll, Pratt & Whitney Aircraft. 

Prof. Howard W. Emmons. Harvard University. 

Mr. R. S. Hall, General Electric Co. 

Dr. W. R. Hawthorne, Massachusetts Institute of Technology 
Mr. A. H. Redding, Westinghouse Electric Corp. 

Mr. John Talbert, Wright Aeronautical Corp. 

Subcommittee on Turbines 

Mr. John G. Lee, United Aircraft Corp.. Chairman. 
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Part III 

FINANCIAL REPORT 


Appropriations for fiscal year 1947 . — Funds in the following 
amounts were appropriated for the Committee for the fiscal 
year 1947 in the Independent Offices Appropriation Act, 1947, 
approved March 28, 1946, and the Act providing increased pay 


costs, 1947, approved March 29, 1947 ; 

Salaries and expenses - — $27, 540, 000 

Printing and binding — . 75, 000 

Construction and equipment of laboratory facili- 
ties : 

Langley Memorial Aeronautical Laboratory- 2, 990, 000 
Flight Propulsion Research Laboratory 108, 000 


Total appropriations 30, 713, 00O 


Obligations incurred during the fiscal year 1947 are listed be- 
low. The figures shown are total obligations and include the 
costs of personal services, travel, transportation, communica- 
tion, utility services, contractual services, supplies, and equip- 
ment. 


Salaries and expenses : 

Headquarters office, Washington, D. C $622, 296 

Langley Memorial Aeronautical Laboratory 11, 6S7, 315 

Ames Aeronautical Laboratory 3, 927, 356 

Flight Propulsion Research Laboratory 10, 169, 438 

Research contracts — educational institutions . 250, 120 

Transfer to National Bureau of Standards 107, 584 

Printing and binding, all activities 74,794 


Construction and equipment of laboratory facili- 
ties: 

Langley Memorial Aeronautical Laboratory $2, 989, 633 

Flight Propulsion Research Laboratory 107, 987 


Total obligations 29,936,523 

Unobligated balances : 

Salaries and expenses 775, 891 

Printing and binding __ 206 

Construction and equipment 380 


Total appropriations 30,713,000 

Appropriations for the fiscal year 1948 . — Funds in the follow- 


ing amounts were appropriated for the Committee for the fiscal 
year 1948 in the Independent Offices Appropriation Act, 1948, 


. approved July 30, 1947 : 

Salaries and expenses $33,490,000 

Printing and binding 80, 000 

Construction and equipment of laboratory facili- 
ties : 

Langley Memorial Aeronautical Laboratory— 6, 452, 350 

Ames Aeronautical Laboratory 193, TOO 

Flight Propulsion Research Laboratory — 3, 232, 950 


Total appropriations 1 43, 449, 000 


1 Plus additional contract authority for construction and equipment 
of laboratory facilities in the amount of $2,143,000. 
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